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ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage 

due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum-

rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 

Additional information concerning the handling of ESD sensitive devices is 

provided in Section 12 in a document entitled "Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies." 
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PIN NOMENCLATURE 

A0-A7 

CAS1-CAS5 

DO1 -DOS 

RAS 

SCLK 

SIN1-SIN5 

SOE 

SOOT I -SOUT 5 

TR/OE 

VDD 

VSS 
W 

Address Inputs 

Column-Address Strobes 

Random-Access Data In/Data Out 

Row-Address Strobe 

Serial Data Clock 

Serial Data In 

Serial Output Enable 

Serial Data Out 

Register Transfer/Q Output Enable 

5-V Supply 

Ground 

Write Enable 

P SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

	

VSS 	(1) 
SOE  (2) 

	

SIN1 	(3) 

	

SOUT1 	(4) 

	

DQ1 	(5) 

	

CAS1 	(6) 

	

AO 	(7) 

	

Al 	(8) 

	

A2 	(9) 
171/CIE (10) 

SIN2 (11) 
SOUT2 (12) 

DQ2 (13) 
CAS2 (14) 

A3 (15) 
A4 (16) 

SIN3 (17) 

SOUT3 (18) 
DQ3 (19) 

CAS3 (20) 
A5 (21) 

A6 (22) 
A7 (23) 

RAS (24) 
W (25) 

SIN4 (26) 
SOUT4 (27) 

0Q4 (28) 
CAS4 (29) 
SIN5 (30) 

SOUT5 (31) 
DQ5 (32) 

CAS5 (33) 
SCLK (34) 

VDD ( 35 ) 
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TM4161 EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

JULY 1984 — REVISED NOVEMBER 1985 

• 65,536 X 5 Organization 

• Single 5-V Supply (10% Tolerance) 

• 35-Pin Single-in-Line Package (SIP) 

• Utilizes Five Multiport Video RAMs in Plastic 
Chip Carriers 

• Serial In/Serial Out Capability 

• Dual Accessibility — One Port Sequential 
Access, One Port Random Access 

• Five Serial Shift Registers for Sequential 
Access Applications, Each Comprised of 
Four Cascaded 64-Bit Segments 

• Designed for both Video and Non-Video 
Applications 

• Fast Serial Port . . . Can Be Configured for 
Video Data Rates in Excess of 150 MHz 

• TR/QE as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 

• Separate Serial In and Serial Out to Allow 
Simultaneous Shift In and Out 

• Supported by TI's TMS34061 Video System 
Controller (VSC) 

• SOE Simplifies Multiplexing of Serial Data 
Streams 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS 	ACCESS 
	

READ 

TIME 	TIME 
	

OR 

ROW COLUMN WRITE 
ADDRESS ADDRESS CYCLE 
(MAXI (MAX) (MIN) 

	

TM4161EP5-15 	150 ns 	100 ns 
	

240 ns 

	

TM4161EP5-20 	200 ns 	135 ns 
	

315 ns 

• Separate CAS Control with Common Data-
In and Data-Out Lines 

• Low Power Dissipation: 
—Operating . . . 1250 mW (Typ) 
—Standby . . . 400 mW (Typ) 

• Operating Free-Air Temperature . . . 0°C to 

70 °C 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TE XAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 

Copyright © 1985, Texas Instruments Incorporated 

5-3 4 



TM4161 EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

description 

The TM4161EP5 is a 320K dual-access dynamic random-access memory module organized as 65,536 

x 5-bits in a 35-pin single-in-line package comprising five TMS4161FML, 65,536 x 1-bit Multiport Video 
RAMs in 22-lead plastic chip carriers mounted on top of a substrate together with five decoupling capacitors. 

The random-access port makes the module look like it is organized as 65,536 words of five bits each. 

The sequential-access port is interfaced to five internal 256-bit dynamic shift registers each organized as 

four cascaded 64-bit shift register segments which are accessed serially. One, two, three, or four 64-bit 

shift register segments can be sequentially read out after a transfer cycle depending on a two-bit code 

applied to the two most significant column address inputs. 

The TM4161EP5 features full asynchronous dual access capability except when transferring data between 

the shift registers and the memory array. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 

with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

Note that the transfer of a row of data from the memory array to the shift registers also refreshes that row. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4161EP5 is guaranteed for operation from 0 °C to 70 °C. 
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AO 
181 

Al 
191 

A2 
A3 

1151 

A4 
118 

1211 
A5 
AB 

1221 

A7 
1231 

WIS 1241 

w 
1341 

SCLK 
TIME 1101 

SOP 121 
181 

SCLX 

A h SOOT 

O 0 

Vss Vss 

SOUT1 

	 SOUT3 

SCLK 

112/dE 
Stf2 
889 BOUT 

V00 VSS 

1271 
SOUT4 SOUT 

VDD VSS 

AO-A7 

CI§ 
w 
CP 

131 

15/ 
13161 

O131 

rar 

500 

1911 8.815  
SOUT 

O 

VSS 

1121  
b P. SOUT 	8OUT2 

Vus Vas 

,. • 
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■S2 

5162 

O02 

CAS3 

8163 

003 

CAS4 

S1N4 

004 

c ■ 5 

8166 

13115 

41 

1111 

11 31 

1201 

1171 

119/ 

1291 

1281 

281 

331 

1301 

1321 

1351 
SOD 

V 	
111 

ss 

TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

functional block diagram 



RAO 

ROW 
ADDRESS 
BUFFERS 

11A7 

1 OF 4 
	  SELECTOR 
COLUMN 64 

COLUMN 0 

COLUMN 19i 

COLUMN 128 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

TMS4161 functional block diagram 

AS 	  TIMING AND CONTROL 

AO 

Al 

A2 
A3 

A4 

A5 

A6 

A7 

SIN 

SCLK 

••■•■•••■ 

DUMMY CELLS 

11/21 
1 OF 258 

ROW (1/21 MEMORY ARRAY 
DECODE 

11/2) 4 OF 256 COLUMN DECODE 

SENSE 
256 	• .. 	REFRESH AMP 

• Y • IERS CONTROL 

I1/2) 4 OF 256 COLUMN DECODE 

11/21 
1 OF 258 11/21 MEMORY ARRAY 

ROW 
DECODE 

DUMMY CELLS 

DATA 
IN 

R G 

CAO 
CA1 

SOUT 

1 OF 4 
SELECTOR 

•	 

TRANSFER CONTROL 

	I REGISTER I REGISTER REGISTER 
00 	01 	10 

 

REGISTER 
11 

CA7 

CA6 

ROT 

random-access address space to sequential address space mapping 

The TM41 61 EP5 is designed with each row divided into four, 64-column sections which map directly onto 
the four segments of each shift register (see TMS4161 functional block diagram). The first column section 
to be shifted out is selected by the two most-significant column-address bits. If the two bits represent 
binary 00, then one to four register segments can be shifted out in order. If the two bits represent binary 

01, then only 1 to 3 (the most significant) register segments can be shifted out in order. If the two bits 
represent 10, then one to two of the most-significant register segments can be shifted out in order. Finally, 

if the two bits represent 11 only the most-significant register segment can be shifted out. All register 
segments are shifted out with the least-significant bit (bit 0) first and the most-significant bit (bit 631 last. 
Note that if the two column-address bits equal 00 during the last register transfer cycle (TR/QE at logic 

level "0" as RAS falls) a total of 256 bits can be sequentially read out of each serial output pin. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 
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TM4161 EP5 
65,536 BY 5•BIT MULTIPORT VIDEO RAM MODULE 

random-access operation 

TR/QE 

The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 

RAS falls, and second, during a random-access operation, it functions as an output enable after CAS falls. 

To use the TM4161EP5 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high 

as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 

lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit 

lines. Holding 'TiRQE low as RAS falls enables the 256 switches that connect the shift registers to the 

bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows. 

During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 

at the Q output (if this is a read cycle). Whenever TR/QE is held high during random-access operation, 

the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 

data on the address lines and data appearing on the Q output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 

set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 

column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 

to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 

chip select activating the column decoder and the input and outputs buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (TV) input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 

common I/O feature of the TM4161 EP5 dictates the use of early write cycles to prevent contention on 

DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 

cycle permitting common I/O operation. 

data in (DQ1-DQ5) 

Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 

the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 

hold times referenced to this signal. 

data out (DQ1-DQ5) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads. Data c ;- the same polarity as data in. The output is in the high-impedance 

'. • 

 

•• ng) state as long as CAS or TR • 	is held high. Data will not appear on the output until after both 
." and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access 

time is valid only if tcQE is greater than tcQE MAX, and tRi_ci. is greater than tRLCL  MAX. Likewise, 

ta (c) MAX is valid only if tRLCL is greater than tRLCL MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance 

state. In an early write cycle, the output is always in a high-impedance state. In a register transfer cycle, 
the output will always be in a high-impedance state. 

TEXAS 
INSTRUMENTS 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 
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refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffer is in high-impedance state unless CAS is applied, the RAS-only refresh 	• ...ice avoids any output 

during refresh. Strobing each of the 256 row addresses (AO through A7) with'- 	:.auses all bits in each 

row to be refreshed. CAS can remain high (inactive) for this refresh sequdnce to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M 1 -M5, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 

remain high for 100 As immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 

sequential-access operation 

TR/QE 

Memory MI ••• • operations involving parallel use of the shift registers are first indicated by bringing TR/QE 
low before li•'• • falls low. This enables the switches connecting the 256 elements of the shift registers 

to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 

or to the shift registers. 

write enable (WI 

In the sequential-access mode, W determines whether a transfer will occur from the shift registers to the 

memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 

memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 

W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 

row address (AO through All 

Eight address bits are required to select one of • 256 possible rows involved in the transfer of data to 

or from the shift registers. AO-A7, W, and TR .1: tre latched on the falling edge of RAS. 

register column address (A7, A6) 

To select one of the four shift register segments within each shift register (transfer from memory to register 

only), the appropriate 2-bit column address (A7, A6) must be valid when CAS falls. However, the CAS 

and segment address signals need not be supplied every transfer cycle, only when it is desired to change 
or select a new segment. 

SCLK 

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view each shift register 
as though it were made of 256 rising edge D flip-flops connected D to Q. The TM4161EP5 is designed 

to work with a wide range duty cycle clock to simplify system design. Note that data will appear at the 

SOUT pins not only on.the rising edge of SCLK but also after an access time of t a ms()) from RAS high during 
a parallel load of the shift registers. 

SIN and SOUT 

Data is shifted in through the SIN pins and is shifted out through the SOUT pins. The TM4161EP5 is designed 
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 

TEXAS 
INSTRUMENTS 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

8 ns after SCLK rises. When loading data into the shift registers from the serial inputs in preparation for 
a shift register to memory transfer operation, the serial clock must be clocked an even number of times. 

To guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial 

data stream is applied at SIN. 

SOE 

The serial output enable pin controls the impedance of the serial outputs, allowing multiplexing of more 

than one bank of TM4161EP5 memories into the same external video circuitry. When SOE is at a logic low 

level, the SOUTs will be enabled and the proper data read out. When SOE is at a logic high level, the SOUTs 

will be disabled and be in the high-impedance state. 

refresh 

The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 

SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. Important: If the 

shift registers have remained idle for a time period which exceeds the maximum SCLK high or SCLK low 

time, the dynamic clock circuits will lose charge. Under these conditions, the shift register clocks must 
be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift registers. 

single - in -line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

absolute maximum ratings over operating free -air temperature range (unless otherwise noted)t 

Voltage range on any pin except VDD and data out (see Note 1) 	  — 1.5 V to 10 V 

Voltage range on VDD supply and data out with respect to VSS 	  — 1 V to 6 V 
Short circuit output current 	  50 mA 
Power dissipation 	  5 W 
Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

1. Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to VSS. 

recommended operating conditions 

MIN NOM 	MAX UNIT 

VDD Supply voltage 4.5 5 	5.5 V 

VSS Supply voltage 0 V 

VIN High-level input voltage 2.4 VDD+0.3 V 
VII_ Low-level input voltage (see Notes 2 and 3) —0.6 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V; test conditions must comprehend this 

occurrence. 

4. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 

TEXAS 
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PARAMETER TEST CONDITIONS 
TM4181EP5-15 TM4181EP5-20 

UNIT 
MIN TYP5  MAX MIN TYPt MAX 

VOH 
High-level output voltage 

(DQ1-DQ5, SOUT1-SOUT5) 
1 0H = —5 mA 2.4 2.4 V 

VOL 
Low-level output voltage 

(D01-005, SOUT1-SOUT5) 
IOL = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 

Vi = 0 V to 5.8 V, 

VDD = 5 V, 

All other pins = 0 V 

± 10 ± 10 yA 

1 0 
Output current (leakage) 

(Dal-DOS, SOUT1-SOUT5) 

Vo = 0.4 V to 5.5 V, 

VDD = 5  V 
±10 ± 10 AA 

1001 
Average operating current 

during read or write cycle 

tcftd) = minimum cycle time, 

ma low after A 	falls, 

SCLK and SIN low, Ta high, 

No load on DQ1-DQ5 

and SOUT1-SOUT5 

250 350 250 350 mA 

IDD2 5  Standby current 

After 1 ITAT cycle, 

RAS and Ug high, 

SCLK and SIN low, sar high, 

No load on DQ1-DQ5 

and SOUT1-SOUT5 

80 100 80 100 mA 

1DD3 Average refresh current 

, , = minimum cycle time, 

ligh, .117C3 cycling, 

SCLK and SIN low, 

Mr high, mug high, 

No load on DQ1-DQ5 

and SOUT1-SOUTS 

210 275 185 250 mA 

1DD4 Average page-mode current 

tc (p) = minimum cycle time, 

RAS low, 	 •A• 	cycling, 

TR/QE low after RAS falls, 

SCLK and SIN low, TA high, 

No load on DQ1-DQ5 

and SOUT1-SOUT5 

225 275 200 250 mA 

1 005 
Average shift register 

current (includes 1002) 

RA g and CAS high, 

tc(SCLK) = tc(SCLK) min ,  
No load on DQ1-DQ5 

and SOUT1-SOUTS 

150 200 150 200 mA 

1DD6 

Worst case average 

DRAM and shift 

register current 

tc(rd) = minimum cycle time, 

• 	..:) = minimum cycle time, 

" ...' ow after R 	falls, 

No load on DQ1-DQ5 

and SOUT1-SOUT5 

425 475 400 450 mA 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

electrical characteristics over fu I range of recommended operating conditions (unless otherwise noted) 

5-10 

tAll typical values are at TA = 25°C and nominal supply voltages. 
tSee appropriate timing diagram. 
5 VH_ > —0.6 V 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 

PARAMETER MAX UNIT 

CIIA) 	Input capacitance, address inputs 35 

pF 

Ci(DQ) 	Input capacitance, data inputs 25 

Ci(FIC) 	Input capacitance, strobe inputs 50 

Ci(w) 	Input capacitance, write enable input 50 

CiICK) 	Input capacitance, serial clock 50 

Ci(SI) 	Input capacitance, serial in 25 

Ci(SOE) 	Input capacitance, serial output enable 30 

Ci(TR) 	Input capacitance, register transfer input 35 

Co(SOUT) 	Output capacitance, serial out 35 

t All typical values are at TA = 25°C and nominal supply voltages. 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 

PARAMETER TEST CONDITIONS t 
ALT. 

SYMBOL 

TM4161EP5-15 TM4161EP5-20 
UNIT 

MIN 	MAX MIN 	MAX 

ta(C) 	Access time from TAZ CL = 100 pF ICAC 100 135 

ns 

Access time of Q from 

ta(QE) 
	

TR/QE low 
CL = 100 pF 40 50 

ta (R) 	Access time from FAT 
tRLCL = MAX, 

C 	= 100 	F L 	p 
tRAC 150 200 

SOUT access time from 
ta(RSO) 	13,(), 	high 

CL = 30 pF 65 85 

Access time from SOE 
ta(SOE) 	low to SOUT 

CL = 30 pF 30 30 

ta(SO) 	Access time from SCLK CL = 30 pF 45 50 

	

t 	Q output disable time 

	

tdisICH) 	from r/Tg high 
CL = 100 pF tOFF 40 40 

	

t 	0 output disable time 

	

tdis(QE) 	from TRMT high 
CL = 100 pF 40 40 

	

t 	Serial output disable time 

	

tdis(SOE) 	from SOE high 
CL = 30 pF 30 30 

tFigure 1 shows the load circuit. 
maximum values for td( s (cH) • tdislQE),  and tdis(s0E) define the time at which the output achieves the open circuit condition and 

are not referenced to VoH or 	 • 
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ALT. 

SYMBOL 

TM4161EP5-15 TM4161EP5-20 
UNIT 

MIN MAX MIN MAX 

tc(P) Page-mode cycle time tPC 160 225 ns 

tc(rd) Read cycle timet tRC 240 315 ns 

tc(W) Write cycle time tWC 240 315 ns 

tc (TW) Transfer write cycle times 240 315 ns 

tc(Trd) Transfer read cycle time 240 315 ns 

tc(SCLK) Serial-clock cycle time tSCC 45 50,000 50 50,000 ns 

tw(CH) Pulse duration, Tocg high (precharge timel tcp 50 80 - ns 

twICL) Pulse duration, CAS low tCAS 100 10,000 135 10,000 ns 

tw(RHI Pulse duration, N-A-- 	high (precharge timel tRp 80 105 ns 

tw RL Pulse duration, 7 -.' low tRAS 150 10,000 200 10,000 ns 

tw (w) Write pulse duration twp 45 45 ns 

tw(CKL) Pulse duration, SCLK low 10 10 ns 

tw(CKH) Pulse duration, SCLK high 12 12 ns 

tw(QE) MT pulse duration low time (read cycle) 40 40 ns 

tt 
Transition times (rise and fall) 

TA-g, CAS, and SCLK 
1 -1-  3 50 3 50 ns 

tsu(CA) Column-address setup time tASC 0  0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsuIRW) 
W setup time before RAg low 

with 17/ZIT low 
0 0 ns 

tsu (D) Data setup time tDS 0 0 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 
before  us low  tWCS -5 -5 ns 

tsu (wcH) Write-command setup time before TA-g high tCWL 40 60 ns 

tsu(m3H) Write-command setup time before RAS high tRWL 40 60 ns 

tsu(Tp) Ti1. 7 setup time before 177C5 low 0 0 ns 

tsu(SI) Serial-data setup time before SCLK high 6 6 ns 

th(Sl) Serial-data-in hold time after SCLK high 3 3 ns 

th(CLCA) Column-address hold time after rA-S low tCAH 45 55 ns 

thIRA) Row-address hold time tRAH 20 25 ns 

th(RW) W hold time after rt-A-s low with TiITUr low 20 20 ns 

th(RLCA) Column-address hold time after R 	low tAR 95 120 ns 

th(CLD) Data hold time after Z.`-As low tDH 60 80 ns 

th(RLD) Data hold time after riAs low tDHR 110 145 ns 

th(WLD) Data hold time after W low tDH 45 55 ns 

th(CHrdl Read-command hold time after CAS high tRCH 0 0 ns 
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timing requirements over recommended supply voltage range and operating free-air temperature range 

5-12 

(Continued next page.) 
NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VIL max and VIE{ min 

must be met at the 10% and 90% points. 
tAll cycle times assume tt = 5 ns except tc(SCLK)  which assumes tt = 3 ns. 
*Multiple transfer write cycles require separation by either a 500-ns ng-precharge interval or any other active (PAS-cycle. 
4'age-mode only. 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 

ALT. 

SYMBOL 

TM4161EP5-15 TM4161EP5-20 
UNIT 

MIN MAX MIN MAX 

th(RHrd) Read-command hold time after RAS high tRRH 5 5 ns 

th(CLW) Write-command hold time after CAS low tWCH 60 80 ns 

th(RLW) Write-command hold time after RAS low tWCR 110 145 ns 

th(RSO) 
Serial-data-out hold time after 

WAS low with TAM low 
30 30 ns 

th(S0) Serial-data-out hold time after SCLK high 8 8 ns 

th(TR) TR/U hold time after 	low (transfer) 20 20 ns 

tRLCH Delay time, RAS low to CAS high tCSH 150 200 ns 

tCHRL Delay time, TAT high to RAS` low tCRP 0 0 ns 

tCLQE1-1 Delay time, Ucg low to Or high 100 135 ns 

tCLRH Delay time, riVg low to .•• 	high tRSH 100 135 ns 

tCQE 

Delay time, CAS low to ut low 

(maximum value specified only 

to guarantee t.,,,-29 access time) 

60 85 ns 

tRHSC Delay time, ••' ' •igh to cri K. high 80 50,000 80 50,000 ns 

tRLCL 
Delay time, RAS low to 	:• 	low (maximum 

value specified only to guarantee access time) 
tRCD 25 50 30 65 ns 

tCKRL 
Delay time, SCLK high before 

US low with TR/U low1 
10 

- 
50,000 10 50,000 ns 

to(MA) Refresh time interval, memory array tREF1 4 4 ms 

trf(SR) Refresh time interval, shift register* tREF2 50,000 50,000 ns 

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vg_ max and VIH min 

must be met at the 10% and 90% points. 
ISCLK may be high or low during t wolo, but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to 
WAT going low with TR/U low (i.e., before a transfer cycle). 

*See "refresh" on page 5-9. 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

RL = 217 f1 

OUTPUT 
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FIGURE 1. LOAD CIRCUIT 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

read cycle timing 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

early write cycle timing 
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page-mode read cycle timing 
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page-mode write cycle timing 
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TM4161EP5 
65,536 BY 5•BIT MULTIPORT VIDEO RAM MODULE 

shift register to memory timing 

	 %vim.) 
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CAS5 

tRLCH 	  
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V1H 

VIL 
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VIL 

• 

  

   

NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the 
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the 
shift registers may have resulted, either from a serial shift in or from a parallel load of the shift registers from one of the 

)ry array rows. 

10 	assumed low 

11 SULK may be high or low during t w oRL). 
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TM4161 EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

memory to shift register timing 

/4—taIRSO) 

NOTES: 10. MT assumed low. 
11. SCLK may be high or low during tw(RLI• 
12. The memory to shift register cycle is used to load the shift registers in parallel from the memory.array. Every one of the 

256 locations in each shift register are written into from the 258 columns of the selected row. Note that the data that is 
loaded into the shift registers may be either shifted out or written back into another row. 
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TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 

serial data shift timing 

	 /-* 

NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation, 
the serial clock must be clocked an even number of times. 

14. While shifting data through the serial shift registers, the state of TR/QE is a don't care as long as TR/a is held high when RAS 
goes low and tsulTR) and tho-R) 'timings are observed. This requirement avoids the initiation of a register-to-memory or memory-

to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers. 
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TI single-in-line package nomenclature 

TM 
	

4161 
	 — 15 

(88,9 x 11,4 mm) 
	

Max Access 
	

L 0°C to 70°C 

(3.5 x 0.45 inches) 	 —15 150 ns 

—20 200 ns 
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PIN NOMENCLATURE 

AO-A7 

CAS1-CAS4 

DQ1-DQ4 

RAS 

SCLK 

SIN1-SIN4 

TOT 

SOUT1-SOUT4 

TR/QE 

VDD 

VSS 
w 

Address Inputs 

Column-Address Strobes 

Random-Access Data In/Data Out 

Row-Address Strobe 

Serial Data Clock 

Serial Data In 

Serial Output Enable 

Serial Data Out 

Register Transfer/Q Output Enable 

5-V Supply 

Ground 

Write Enable 

V SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

(1) 
(2) 

	

SIN1 	(3) 

	

SOUT1 	(4) 	 

	

DQ1 	(5) 	 
CAS1 (6) 

AO 17) 
Al (8) 
A2 (9) 

TR/QE (10) 
SIN2 (11) 

SOUT2 (12) 
DQ2 (13) 

CAS2 (141 
A3 (15) 
A4 (16) 

SIN3 (17) 
SOUT3 (18) 

DQ3 119) 
CAS3 (20) 

A5 (21) 
A6 (22) 
A7 (23) 

RAS (24) 
W (251 

SIN4 (26) 
SOUT4 (27) 

DQ4 (28) 

CAS4 129) 
SCLK (30) 

VDD (311 
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TM4161EV4 
65,536 BY 4-BIT MULTIPORT VIDEO RAM MODULE 

JULY1984 — REVISED NOVE'.• • • 1985 

• 65,536 X 4 Organization 

• Single 5-V Supply (10% Tolerance) 

• 31-Pin Single-in-Line Package (SIP) 

• Utilizes Four Multiport Video RAMs in 
Plastic Chip Carriers 

• Serial In/Serial Out Capability 

• Dual Accessibility — One Port Sequential 
Access, One Port Random Access 

• Four Serial Shift Registers for Sequential 
Access Applications, Each Comprised of 
Four Cascaded 64-Bit Segments 

• Designed for both Video and Non-Video 
Applications 

• Fast Serial Port ... Can Be Configured for 
Video Data Rates in Excess of 150 MHz 

• TR/QE as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 

• Separate Serial In and Serial Out to Allow 
Simultaneous Shift In and Out 

• Supported by TI's TMS34061 Video System 
Controller (VSC) 

• SOE Simplifies Multiplexing of Serial Data 
Streams 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

	

ACCESS 	ACCESS 
	

READ 

	

TIME 	TIME 
	

OR 

	

ROW 	COLUMN 
	

WRITE 
ADDRESS ADDRESS CYCLE 

	

(MAX) 	(MAX) 
	

(MINI 

	

TM4161EV4-15 	150 ns 	100 ns 
	

240 ns 

	

TM4161EV4-20 	200 ns 	135 ns 
	

315 ns 

• Separate CAS Control with Common Data-
In and Data-Out Lines 

• Low Power Dissipation: 
—Operating . . . 1000 mW (Typ) 
—Standby . . . 320 mW (Typ) 

• Operating Free-Air Temperature . . . 0°C to 
70 °C 

PRODUCTION DATA documents contain information 
current as of publication data. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 

Copyright © 1985, Texas Instruments Incorporated 
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TM4161EV4 
65,536 BY 4•BIT MULTIPORT VIDEO RAM MODULE 

description 

The TM4161 EV4 is a 256K dual-access dynamic random-access memory module organized as 65,536 

x 4-bits in a 31-pin single-in-line package comprising four TMS4161FML, 65,536 x 1-bit Multiport Video 
RAMs in 22-lead plastic chip carriers mounted on top of a substrate together with four decoupling capacitors. 

The random-access port makes the memory look like it is organized as 65,536 words of four bits each. 

The sequential access port is interfaced to four internal 256-bit dynamic shift registers each organized 

as four cascaded 64-bit shift register segments which are accessed serially. One, two, three, or four 64-bit 

shift register segments can be sequentially read out after a transfer cycle depending on a two-bit code 

applied to the two most significant column address inputs. 

The TM4161EV4 features full asynchronous dual access capability except when transferring data between 

the shift registers and the memory array. 

Refresh period is extended to 4 n-  .1....conds, and during this period each of the 256 rows must be strobed 

with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

Note that the transfer of a row of data from the memory array to the shift registers also refreshes that row. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4161EV4 is guaranteed for operation from 0 °C to 70 °C. 
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TM4161 EV4 
65,536 BY 4-BIT MULTIPORT VIDEO RAM MODULE 

functional block diagram 

AO 
171 

Al 

A2 

A3 

A4 

A5 

9  

" 

A6 1221  

(231  A7 

RAS 

W 

(24)  

• 

SCLK 

171/CIE A0-A7 

SOE 
(6) 

RAS 

CAS1 CAS 

SCLK 

iE 

SOE 

SOUT 
141 

SOUT1 131 SIN SIN1 
15) 

Q DC11 D 
VDD VSS 

(14)  CAS2 CAS 

K 

111) 
SOUT (121  SOUT2 SIN2 

DO2 
113) 

SIN 
Q — D 

VDD VSS 

 	A0-A7 

RAS 

120)  CAS 

SCLK 

-w3/QE 

SOE 

SIN SIN3 
1171 

SOUT (181  SOUT3 
1191 • DQ3 

VDD VSS 

A0-A7 

RAS 

CAS4 (29)  CAS 

SCLK 

TRIOS 

1261 1271 
SOE 

SIN SOUT SOUT4 SIN4 
(28) 

DQ4 
VDD VSS 

1311 
VDD 

4 

(1)  VSS 

Nkoll 
TEXAS 	 5 - 27 

INSTRUMENTS 

D
y

n
am

ic
  R

A
M

 M
o

du
le

s  

POST OFFICE BOX 1443 • HOUSTON TEXAS 77001 



sa
in

p
o
w

  w
vi

d  
o!

w
eu

A
G

  
TM4161EV4 
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TMS4161 functional block diagram 

RAS 

CAS 

W 

TIMING AND CONTROL 

VN 

CAO 

CA1 

CA2 

RAO 

• 

DUMMY CELLS 

11/2) 
1 OF 256 

ROW 11/2/ MEMORY ARRAY 
DECODE 

11/2/ 4 OF 256 COLUMN DECODE 

SENSE 
256 SENSE 	REFRESH - AMP 

CONTROL AMPLIFIERS 

11/21 4 OF 256 COLUMN DECODE 

11/21 
1 OF 256 11/21 MEMORY ARRAY 

ROW 
DECODE 

DUMMY CELLS 

1 OF 4 
SELECTOR 

DATA 
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TRIM 

SIN 

TRANSFER CONTROL 
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COLUMN 0 

REGISTER I REGISTER 
10 	 11 	I 

t COLUMN 19L 

COLUMN 128  
COLUMN 64 

1 OF 4 
SELECTOR 

5-28 

CA7 

CAR 

O 

random-access address space to sequential-address space mapping 

The TM4161EV4 is designed with each row divided into four, 64-column sections which map directly 
onto the four segments of each shift register (see TMS4161 functional block diagram). The first column 
section to be shifted out is selected by the two most-significant column-address bits. If the two bits represent 

binary 00, then one to four register segments can be shifted out in order. If the two bits represent binary 

01, then only 1 to 3 (the most significant) register segments can be shifted out in order. If the two bits 
represent 10, then one to two of the most-significant register segments can be shifted out in order. Finally, 
if the two bits represent 11 only the most-significant register segment can be shifted out. All register 
segments are shifted out with the least-significant bit (bit 0) first and the most-significant bit : I .33) last. 

Note that if the two column-address bits equal 00 during the last register transfer cycle (Tf. f at logic 

level "0" as RAS falls) a total of 256 bits can be sequentially read out of each serial output pin. 
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TM4161EV4 
65,536 BY 4-BIT MULTIPORT VIDEO RAM MODULE 

random-access operation 

TR/QE 

The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 

RAS falls, and second, during a random-access operation, it functions as an output enable after CAS falls. 

To use the TM4161EV4 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high 

as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 
lines of the m. i• •ry array. If data is to be shifted, the shift registers must be disconnected from the bit 

lines. Holding In aE low as RAS falls enables the 256 switches that connect the shift registers to the 

bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows. 

During random-access operation, once CAS has been :•1 •• : low, TR/QE controls when the data will appear 

at the la output (if this a read cycle). Whenever FP .1: is held high during random-access operation, 

the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 

data on the address lines and data appearing on the Q output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 

set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 

column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 

to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 

write enable (WI 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 

TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM4161 EV4 dictates the use of early write cycles to prevent contention on 
DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 

cycle permitting common I/O operation. 

data in (DQ1-DQ4) 

Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. 

data out (DQ1-DQ4) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state as long as CAS or TR/QE is held high. Data will not appear on the output until after both 
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access 
time is valid only if tCQE is greater than tccIE MAX, and tincL is greater than tRLCL  MAX. Likewise, 
talc) MAX is valid only if tRLGt_  is greater than . 1 t! MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR Ii going high will return the output to a high-impedance 

state. In an early write cycle, the output is always in a high-impedance state. In a register transfer cycle, 
the output will always be in a high-impedance state. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
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during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 

row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. To extend beyond the 256 column locations on Ml-M4, 

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 

remain high for 100 gs immediately prior to initialization. Initialization consists of performing eight RAS 

cycles before proper device operation is achieved. 

sequential-access operation 

TRIO 

Memory transfer operations involving parallel use of the shift registers are first indicated by bringing TR/QE 
low before RAS falls low. This enables the switches connecting the 256 elements of the shift registers 

to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 

or to the shift registers. 

write enable (WI 

In the sequential-access mode, W determines whether a transfer will occur from the shift registers to the 

memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 

memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 

W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 

row address (AO through A7) 

Eight address bits are required to select one of the 256 possible rows involved in the transfer  of data to 

or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 

register column address (A7, A6) 

To select one of the four shift register segments within each shift register (transfer from memory to register 

only), the appropriate 2-bit column address (A7, A6) must be valid when CAS falls. However, the CAS 

and segment address signals need not be supplied every transfer cycle, only when it is desired to change 

or select a new segment. 

SCLK 

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view each shift register 
as though it were made of 256 rising edge D flip-flops connected D to Q. The TM4161EV4 is designed 

to work with a wide range duty cycle clock to simplify system design. Note that data will appear at the 
SOUT pins not only on the rising edge of SCLK but also after an access time of 1a(RSO)  from RAS high during 

a parallel load of the shift registers. 

SIN and SOUT 

Data is shifted in through the SIN pins and is shifted out through the SOUT pins. The TM4161EV4 is designed 

such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 

8 ns after SCLK rises. When loading data into the shift registers from the serial inputs in preparation for 
a shift register to memory transfer operation, the serial clock must be clocked an even number of times. 
To guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial 

data stream is applied at SIN. 
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SOE 

The serial output enable pin controls the impedance of the serial outputs, allowing 1: 	lexing of more 
than one bank of TM4161EV4 memories into the same external video circuitry. When 0 :i •s at a logic low 

level, the SOUTs will be enabled and the proper data read out. When SOE is at a logic high level, the SOUTs 

will be disabled and be in the high-impedance state. 

refresh 

The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 

from the memory array. See specifications for maximum register data retention times. Important: If the 

shift registers have remained idle for a time period which exceeds the maximum SCLK high or SCLK low 
time, the dynamic clock circuits will lose charge. Under these conditions, the shift register clocks must 
be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift registers. 

single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range on any pin except VDD and data out (see Note 1) 	  — 1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  — 1 V to 6 V 
Short circuit output current 	  50 mA 
Power dissipation 	 4 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  — 65 °C to 150 °C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 

Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss• 

recommended operating conditions 

MIN NOM 	MAX UNIT 

VDD Supply voltage 4.5 5 	5.5 V 

VSS Supply voltage 0 V 

VIN High-level input voltage 2.4 VDD +0.3 V 
Va.  Low-level input voltage (see Notes 2 and 3) —0.6 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in'this data sheet 

for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V; test conditions must comprehend this 

occurrence. 

4. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TM4161EV4-15 TM4161EV4-20 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VOH 
High-level output voltage 

(DQ1-DC14, SOUT1-SOUT4) 
1 0H = —5  mA 2.4 2.4 V 

VOL 
Low-level output voltage 

(DQ1-DQ4, SOUT1-SOUT4) 
IOL = 4.2 mA 0.4 0.4 V 

li Input current (leakage) 

Vi = 0 V to 5.8 V, 

VDD = 5  V ,  
All other pins = 0 V 

± 10 ± 10 pA 

1 0 
Output current (leakage) 

(DQ1-DQ4, SOUT1-SOUT4) 

Vo = 0.4 V to 5.5 V, 

VDD = 5 V 
± 10 ±10 ILA 

IDD1 
Average operating current 

during read or write cycle 

tc(rd) = minimum cycle time, 

TiRQE low after RAS falls, 

SCLK and SIN low, SOE high, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 

200 280 200 280 mA 

IDD2 5  Standby current 

After 1 RAS cycle, 

RAS and CAS high, 

SCLK and SIN low, SOE high, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 

64 80 64 80 mA 

1003 Average refresh current 

tc(rd)= minimum cycle time, 

—/,,—g high, RAS cycling, 

SCLK and SIN low, 

1::IE high, TR/U high, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 

168 220 148 220 mA 

1004 Average page-mode current 

tdp) = minimum cycle time, 

RFg■ 	low, CAS cycling, 

TiRQE low after RAS falls, 

SCLK and SIN low, SOE high, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 

180 220 160 220 mA 

IDD5 
Average shift register 

current (includes 1 002) 

RAS and CAS high, 

tcISCLK) = tc(SCLK) win , 
 No load on D(31-DQ4 

and SOUT1-SOUT4 

120 160 120 160 mA 

IDD6 

Worst case average 

DRAM and shift 

register current 

tc(rd) = minimum cycle time, 

tc(SCLK) = minimum cycle time, 

TRMT low after Ft-AS falls, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 

340 380 320 360 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 

1 See appropriate timing diagram. 

> —0.6 V 
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capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 

PARAMETER MAX UNIT 

CiIA) 	Input capacitance, address inputs 35 

pF 

CiIDQ) 	Input capacitance, data inputs 20 

Ci(RC) 	Input capacitance, strobe inputs 40 

Cim) 	Input capacitance, write enable input 40 

CiICK) 	Input capacitance, serial clock 30 

Ci(SI) 	Input capacitance, serial in 20 

Ci(SOE) 	Input capacitance, serial output enable 30 

CilTR) 	Input capacitance, register transfer input 30 

Co(SOUT) 	Output capacitance, serial out 20 

tAll typical values are at TA = 25°C and nominal supply voltages. 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 

PARAMETER TEST CONDITIONS 1  
ALT. 

SYMBOL 

TM41R1EV4-15 
— 	— 

•:115. 	MA A 

TM41S1EV4-20 
— UNIT 

MIN 	MAX 

talc) 	Access time from LAS CL = 100 pF tCAC i ut., 135 

ns 

Access time of Q from 
ta(QE) 	

/a low IT't  
CL = 100 pF 40 50 

ta(R) 	Access time from Irgg tRLCL = MAX, 
CL = 100 pF 

tRAC 150 200 

SOUT access time from 
taIRSO) 	1.) 	high 

CL = 30 pF 65 85 

Access time from SOE 
ta(SOE) 	low to SOUT 

CL = 30 pF 30 30 

talSO) 	Access time from SCLK CL = 30 pF 45 50 

t 	Q output disable time 
tdisICH) from U4 r -g  high 

CL = 100 pF tOFF 40 40 

	

i 	Q output disable time 

	

tdis(QE)" 	from Vt/t7 high 
CL = 100 pF 40 40 

t 	Serial output disable time 
tdis(SOE) from TOT high 

CL = 30 pF 30 30 

tFigure 1 shows the load circuit. 
tThe maximum values for tdi s (cH) •  tdi s (QE), and tdi s (s0E) define the time at which the output achieves the open circuit condition and 

are not referenced to VIDH or 	 • 
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timing requirements over recommended supply voltage range and operating free air temperature range 

ALT. 

SYMBOL 

TM41R1 

 MIN 

EV4-15 TM4161 EV4-20 
UNIT 

MAX MIN MAX 

tc (p) Page-mode cycle time tpc ;1.,L, .. 	•• ns 

tc(rd) Read cycle timet *RC 240 315 ns 

*c(W) Write cycle time twc 240 315 ns 

*c(TW) Transfer write cycle time* 240 315 ns 

tc(Trd) Transfer reed cycle time 240 315 ns 

*c(SCLK) Serial-clock cycle time tSCC 45 50,000 50 50,000 ns 

tw(CH) Pulse duration, CA 	high (precharge time)§ tcp 50 80 ns 

tw(CL) Pulse duration, CAS low tCAS 100 10,000 135 10,000 ns 

tw(RH) Pulse duration, US high (precharge time) tRp 80 105 ns 

*vv(RL) Pulse duration, WAS low tRAS 150 10,000 200 10,000 ns 

tw (w) Write pulse duration twp 45 45 ns 

tw(CKL) Pulse duration, SCLK low 10 10 ns 

*w(CKH) Pulse duration, SCLK high 12 12 ns 

tw (QE) Tia pulse duration low time (read cycle) 40 40 ns 

tt 
Transition times (rise and fall) 

VAT, CAS, and SCLK  
tT ' 3 50 3 50 ns 

tsuICA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsu(RW) 
W setup time before FV1S low 

with TiA 	low 
0 0 ns 

*su(D) Data setup time *DS 0 0 ns 

*suIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 

before TA—S low 
*WCS —5 —5 ns 

*su(WCH) Write-command setup time before CAS high tCWL 40 60 ns 

tsu(WRH) Write-command setup time before HAS high tRWL 40 60 ns 

*su(TR) THIN setup time before HAS low 0 0 ns 

tsu(SI) Serial-data setup time before SCLK high 6 6 ns 

WS!) Serial-data-in hold time after SCLK high 3 3 ns 

th(CLCA) Column-address hold time after TO low *CAH 45 55 ns 

th(RA) Row-address hold time *RAH 20 25 ns 

thIRWI W hold time after WAg low with Tia low 20 20 ns 

th(RLCAI Column-address hold time after An low *AR 95 120 ns 

th(CLD) Data hold time after CAS low tDH 60 80 ns 

th(RLD) Data hold time after TS low tDHR 110 145 ns 

th(WLDI Data hold time after W low tDH 45 55 ns 

thlCHrdl Read-command hold time after CAS high tRCH 0 0 ns 

(Continued next page.) 
NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VII_ max and VIH min 

must be met at the 10% and 90% points. 
*All cycle times assume tt = 5 ns except tc(SCLK)  which assumes tt = 3 ns. 
*Multiple transfer write cycles require separation by either a 500 ns RAS-precharge interval or any other active An-cycle. 

5 Page-mode only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 

ALT. 

SYMBOL 

TM4161EV4-15 TM4161EV4-20 
UNIT 

MIN MAX MIN MAX 

th(RHrd) Read-command hold time after AAS high tRRH 5 5 ns 

th(CLW) Write-command hold time after CAS low tWCH 60 80 ns 

th(RLW) Write-command hold time after TS  low tWCR 110 145 ns 

th(RSO) 
Serial-data-out hold time after 

TAT low with wia low 
30 30 ns 

thISO) • 	, 	tats-out hold time after SCLK high 8 8 ns 

th(TR) ' 	•• 	iold time after AAS low (transfer) 20 20 ns 

tRLCH Delay time, AAS low to CAS high tCSH 150 200 ns 

tCHRL Delay time, CAS high to RAlow tCRP 0 0 ns 

tCLQEH Delay time, CAS low to Or high 100 135 ns 

tCLRH Delay time, CAS low to :••'• • ugh tRSH 100 135 ns 

tCQE 

Delay time, AS low to ut low 

(maximum value specified only 

to guarantee ta (QE) access time) 

60 85 ns 

tRHSC Delay time, fft-Z high to SCLK high 80 50,000 80 50,000 ns 

tRLCL 
Delay time, RAS low to CAS low (maximum 

value specified only to guarantee access time) 
tRCD 25 50 30 65 ns 

tCKRL 
Delay time, SCLK high before 

ITA—g low with TRia lowl 
10 50,000 10 50,000 ns 

trf(MA) Refresh time interval, memory array tREF 1 4 4 ms 

trf(SR) Refresh time interval, shift register* tREF2 50,000 50,000 ns 

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VIL max and VIH  min 
must be met at the 10% and 90% points. 

ISCLK may be high or low during t w )3L), but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to 

RAS going low with TA/ice low (i.e., before a transfer cycle). 

*See "refresh" on page 5-31. 

PARAMETER MEASUREMENT INFORMATION 

1 

1.31 V 

RL = 217 II 

OUTPUT 

UNDER TEST 

C L 

FIGURE 1. LOAD CIRCUIT 
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read cycle timing 
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shift register to memory timing 
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NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the 
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the 
shift registers may have resulted, either from a serial shift in or from a parallel load of the shift registers from one of the 

ry array rows. 

10. • ' assumed low. 

11. bt.LIC may be high or low during t w (gL)• 
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memory to shift register timing 
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NOTES: 10. TOT assumed low. 
11. SCLK may be high or low during tw (Ro• 
12. The memory to shift register cycle is used to load the shift registers in parallel from the memory array. Every one of the 

256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is 
loaded into the shift registers may be either shifted out or written back into another row. 
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serial data shift timing 

i.-4.  taISOEI 

	 r''  

SOE  --\4.  

NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation, 

the serial clock must be clocked an even number of times. 

14. While shifting data through the serial registers, the state of TR/QE is a don't care as long as TR/OE is held high when RAS 
goes low and tsu n-R) and thITRI  timings are observed. This requirement avoids the initiation of a register-to-memory or memory-
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers. 
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- shift register to memory multiple timing 
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memory to shift register to memory multiple timing 
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TI single-in-line package nomenclature 

TM 
	

4161 	 —15 

178,7 x 11,4 mm) 
	

Max Access 
	

L 0°C to 70°C 

13.1 x 0.45 inches) 	 —15 150 ns 

—20 200 ns 

TEXAS 
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PIN NOMENCLATURE 

AO-A7 

CAS 1-CAS4 

DQ1-DQ4 

NC 

RAS 

SCLK 

SI01-S104 

TR/QE 

VDD 
Vss 

W 

Address Inputs 

Column-Address Strobes 

Random-Access Data In/Data Out 

No Connection 

Row-Address Strobe 

Serial Data Clock 

Serial-Access Data In/Data Out 

Serial Output Enable 

Register Transfer/0 Output Enable 

5-V Supply 

Ground 

Write Enable 

TM4161GW4 . . . W SINGLE-IN-LINE PACKAGEt 
TM4161GY4 . . . Y SINGLE-IN-LINE PACKAGEt 

(TOP VIEW) 

VDD 
SOE 

S101 
DQ1 

CA-`S1 

AO 
Al 
A2 

VSS 
TR/QE 

SIO2 

DQ2 
CAS2 

A3 
A4 

NC 
S103 

DQ3 
CAS3 

A5 

A6 

VSS 
A7 

RAS 

W 
S104 
DQ4 

CAS4 

SCLK 

VDD 

(1) 
(21 
(3) 

141 
(5) 
(61 
(7) 

(8) 
(9) 

(101 
(111 
(12)  
(13)  

(14) 
(151 
116) 
(171 
(18) 

(191 
(20)  
(21) 
(22)  
(231 
(241 
(25) 
(261 
(27) 
(281 
129) 
(30) 

tTM4161GY4 package is shown. 

5 

D
y

n
a

m
ic

  R
A

M
 M

o
d

u
le

s  

ADVANCE 
	

TM4161GW4, TM4161GY4 
INFORMATION 
	

65,536 BY 4-BIT DYNAMIC RAM MODULES 

NOVEMBER 1985 

• 65,536 X 4 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 
—Pinned Version for Through-Hole Insertion 

(TM4161GY4) 
—Leadless Version for Use with Sockets 

(TM4161GW4) 

• Utilizes Four Multiport Video RAMs in 
Plastic Chip Carriers 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 

ACCESS ACCESS READ READ-
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) 

TMS4161-15 150 ns 
	

100 ns 240 ns 265 ns 
TMS4161-20 200 ns 

	
135 ns 315 ns 330 ns 

• Separate CAS Control with Common Data-
In and Data-Out Lines 

• Low Power Dissipation: 

	

OPERATING 
	

STANDBY 
(TYP) 
	

ITYPI 
TM4161G_4-15 
	

1000 mW 
	

256 mW 
TM4161G_4-20 
	

1000 mW 
	

256 mW 

• Operating Free-Air Temperature . . . 0°C To 
70 °C 

description 

The TM4161G_4 series are 256K dual-access 
dynamic random-access memory modules 

organized as 65,536 x 4-bits in a 30-pin single-

in-line package. This module is comprised of four 

TMS4161FML, 65,536 x 1-bit Multiport Video 

RAMs in 22-lead plastic chip carriers mounted 
on top of a substrate together with four 
decoupling capacitors. Each TMS4161FML is 

described in the TMS4161 data sheet and is fully 
electrically tested and processed according to 

TI's MIL-STD-883B (as amended for commercial 
applications) flows prior to assembly. After 
assembly onto the substrate, a further set of 

electrical tests is performed. The TM4161G_4 
is rated for operation from 0°C to 70 °C. 

ADVANCE INFORMATION documents contain 
information on new products in the sampling or 
preproduction phase of development. Characteristic 
data end other specifications are subject to change 
without notice. 	 STRU M ENTS 

POST OFFICE BOX 1443 • HOUSTON TEXAS 77001 

Copyright © 1985, Texas Instruments Incorporated 
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TM4161GW4, TM4161GY4 
65,536 BY 4-BIT DYNAMIC RAM MODULES 

operation 

The TM4161G_4 operates as four TMS4161's connected as shown in the functional block diagram. Refer 

to the TMS4161 data sheet for details of its operation. 

specifications 

For TMS4161 electrical specifications, refer to the TMS4161 data sheet. 

single-in -line package components 

PC substrate: TM4164GY4 ... 0,79 mm (0.031 inch) minimum thickness 
TM4161GW4 . . . 1,35 mm (0.053 inch) maximum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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TM4161GW4, TM4161GY4 
65,536 BY 4-BIT DYNAMIC RAM MODULES 

functional block diagram 

AO 161  

Al 	 
A2 18/  

A3  1141 

A4 	115)  
A5  120) 

• 

A6 

RAS 

SCLK 	 
174,a  1101 

12) 
SOE  

CAS1 	

5 

Dal 	(41  

CAS 2 	(131  

•	 

5102 
11 1) 

 
C 

DQ2 1121 

	

CAS3 (19) 	 

5103 	
121 

 
1 	 • 

003  1181  

.a--t4  1281  

5104 

DO4 

11 301  

AO A7 

RAS 

CAS 

SCLK 

That 

SOE 

SIN SOUT 

D a 

VDD VSS 

A0-A7 

RAS 

CAS 

SOLE 

SOE 

SIN SOUT 	- 

D Q —

VDD VSS 

AO A7 

RAS 

CAS 

SCLK 

TRIQE 

SOE 

SIN SOUT 

0 

VDD VSS 

AO A7 

RAS 

CAS 

SCLK 

11/r11 
SOE 

SIN SOUT 	 

D 0 	

VDD VSS 
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W PACKAGE 
(88,9 x 12,7 mm) 
(3.5 x 0.50 Inches) 

Y Package 
(76,2 x 11,43 mm) 
(3.0 x 0.45 inches) 

Max Access 
—15 150 ns 
—20 200 ns 

L 0°C to 70°C 

TM 4161 	 G 	 W 	 4 —15 L 

PINOUT 
CONFIGURATION 	DIMENSIONS 	 PUT 

BOARD )(WORD 
OUT 

 WIDTH 	 CEMRPAENRAGTEURE)
SPEED  

TM4161GW4, TM4161GY4 
65,536 BY 4-BIT DYNAMIC RAM MODULES 

TI single-in-line package nomenclature 
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• Low Power Dissipation: 

TM4164EC4-12 
TM4164EC4-15 
TM4164EC4-20 

	

OPERATING 	STANDBY 
(TYP) 	 iTYPI 

	

800 mW 	 70 mW 

	

700 mW 	 70 mW 

	

540 mW 	 70 mW 

• Operating Free-Air Temperature ... °C to 
70 °C 

• Upward Compatible with 256K X 4 Single-
In-Line Package 

PIN NOMENCLATURE 

A0-A7 	 Address Inputs 

CAS 	 Column-Address Strobe 
01-04 	 Data Inputs 

NC 	 No Connection 

Q1-Q4 	 Data Outputs 

FlAS 	 Row-Address Strobe 

VDD 	 5-V Supply 

VSS 	 Ground 

W Write Enable 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 

NOVEMBER 1983 — REVISED NOVEMBER 1985 

• 65,536 X 4 Organization 

• Single 5-V Supply (10% Tolerance) 

• 22-Pin Single-in-Line Package (SIP) 

• Utilizes Four 64K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 
Q2 (10) 

• Performance Ranges: 	 W (11) 

	

ACCESS ACCESS READ READ- 	 Al (12) 

	

TIME 	TIME 	OR MODIFY- 	 A3 (13) 

	

ROW 	COLUMN WRITE WRITE 	 A6 (14) 

	

ADDRESS ADDRESS CYCLE CYCLE 	
Q3  (15) 

	

(MAX) 	(MAX) 	(MINI 	(MIN) 

	

TM4164EC4-12 120 ns 	75 ns 230 ns 260 ns 	 03  (16)  

	

TM4164EC4-15 150 ns 	90 ns 260 ns 285 ns 	 A2 (17) 

	

TM4164EC4-20 200 ns 	135 ns 326 ns 345 ns 	 AO (18) 

• Common CAS Control with Separate Data - In 
RASD4 (19) 

and Data -Out Lines with an "Early Write" 	 (20) 
 

Feature 
VSS (22) 

tReserved for A8 on TM4256EC4 

description 

The TM4164EC4 is a 256K, dynamic random-access memory module organized as 65,536 x4 bits in a 

22-pin single-in-line package comprising four TMS4164FPL, 65,536 x 1 bit dynamic RAM's in 18-lead plastic 
chip carriers mounted on top of a substrate together with four 0.1 gF decoupling capacitors. The onboard 
capacitors eliminate the need for bypassing on the motherboard and offer superior performance over 
equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 

TM4164EC4 has a density of six devices per square inch (approximately 2.4X the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 
holes, a cost savings can be realized. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 

in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4164EC4 is rated for operation from 0°C to 70 °C. 

PA I A :ocuments contain information 
r+: Ion date. Products conform to 

;au mu terms of Texas Instruments 
. A •ranty. Production processing does not 

• .....nsud. include testing of all parameters. 
TEXAS AP 

INSTRUMENTS 

Copyright © 1985, Texas Instruments Incorporated 
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SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

NCt (1) 

D1 
VDD ( 2 ) 

131 
01 (41 

CAS 151 
A7 (61 
A5 (7) 
A4 (8) 
D2 191 

Q4 (21) 
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upward compatibility 

Future 256K x 4 memory modules in single-in-line packages will have identical pin functions and spacing, 
and will be directly upward compatible. Pin 1 of the TM4256EC4 (256K X 4 SIP) module will be memory 

address A8. 

operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the four chips. 

Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 

strobe (RAS). Then the eight column-address bits are set up on Pins AO through A7 and latched onto the 

chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 

RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 
The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 

W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 

permitting common I/O operation. 

data in (D1-D4) 

Data is w.:1..1 during a write or read-modify-write cycle. Depending on the mode of operation, the falling 

edge of I z• or W strobes data into the on-chip data latch. This latch can be driven from standard 

TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the 
data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed write or 

read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and 

hold times referenced to this signal. 

data out (Q1-Q4) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each 01111• r Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state unti s brought low. In a read cycle the outputs go active after 

the access time interval t Ei (c) that begins with the negative transition of CAS as long as  ta m)  is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 

going high returns them to a high-impedance state. In an early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 

for the read cycle. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with Nrg causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. To extend beyond the 256 column locations on a single 

module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 

proper module. 

Tr XAS 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 pS immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 

single-in-line package and components 

PC substrate: 0,79 mm 10.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

logic symbol t 

(4)  
at 

functional 

At 

 Al 

A3 

A4 
A5 

A A76  

RAS 

CAS 

D1 

02 

D3 

D4 

block diagram 

118) 

(181 
AO 

RAM 

20D8/21D0 

2OD15/21D7J 
C20[ROW1 

	 G23/[REFRESH 
241PWR DWNI 

G24 
--°•\>C21(COL) 

64Kx4 

0  
A 65,535 

ROWI 

> 23C22 

24EN 

117 1 

(12) 
Al 

(17) 
A2 

171 
/14) 

11•1 
A3 61  

A4 
RAM 04K X1 
AO A7 
RAS 
CAS 

w 
D 

VDD 	VSS 
(41  

(71 151 
1 

• AS 
(14) 1111 ti 

A6 
A7 (6) 131 

1••,. 

—1=••\> 

1191
• RAS 

 

191 

P
a 

01 

RAM 84K X 
AO A7 
RAS 
CAS 
w 

VDD 	VSS 

1 

1101 

/ 

• 
CAS 151  • 	h"" 

(1111--  

1161  

8 
0-0- ■ 

Q2 

23 . 	 

131 
DI 

RAM 64K X 
AO Al 
RAS 
CAS 
w 

VDD 

1 

1151 
Q3 

ti 
A 22D 	 AV  

(91 (10) 
Q2 D2 171;.  

1'. 
Q3 D3 — 

120, (211 
Q4 

1201  

8 

D4 

t This symbol is in 
IEC Publication 

91-1984 and 
X1 

 

accordance with ANSI/IEEE Std 
617-12. 

RAM 64K  
AO-A7 
RAS 

CAS 

VDD 	VSS 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) I - 

Voltage range on any pin except VDD and data out (see Note 11 	  — 1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 6 V 
Short circuit output current for any output 	  50 mA 
Power dissipation 	 4 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  — 65 °C to 150 °C 

t Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to VSS. 

recommended operating conditions 
MIN 

4.6 

Nrmn 
6 

MAX 

b.:. 

UNIT _ 

. VDD E 	II :.!. 	■ 	.• . 	1. 

VSS f. 	.1:.. 	6• 	. 	■ 	: 	 • 0 V 

VIH High-level input voltage 
Vpp=4.5V 2.4 4.8 

V VDD = 5 - 5  V 2.4 6 

VIL Low-level input voltage (see Notes 2 and 3) —0.6 0.8 V 

TA Operating free-air temperature 0 70 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM41134EC4-12 TM4164EC4-15 
UNIT 

MIN TYP t MAX MIN TYPt MAX 

VOH High-level output voltage 1 0H = —5 mA 2.4 2.4 V 

VOL Low-level output voltage IOL = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 
Vi =0 V to 5.8 V, \too =5 V, 

All other pins = 0 V 
t 10 . t 10 AA 

10 Output current (leakage) 

V0= 0.4 to 5.5 V, 

VDD = 5  V , 
 CAS high 

t 10 t 10 rok 

1 001 
Average operating current 

during read or write cycle 

tc = minimum cycle, 

All outputs open 
160 192 140 180 mA 

1 002 Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open, 

14 20 14 20 mA 

1003 Average refresh current 

tc  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

112 160 100 148 mA 

1 004 Average page-mode current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

112 160 100 148 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 
TM4164EC4-20 

MAX 
UNIT 

- MIN 	TY1-7t 

VOH High-level output voltage 1 0H = —5  mA 4.4 V 

VOL Low-level output voltage 1 0L = 4.2 mA 0.4 V 

II Input current (leakage) 
Vi = 0 V to 5.8 V. VDD = 5 V 

All other pins = 0 V 
± 10 AA 

10 Output current (leakage) 

V0= 0.4 to 5.6 V, 

Vro, = 5 V, 

: A • 	.sigh 

t 10 AA 

DD1 
Average operating current 

during reed or write cycle 

tc  = minimum cycle, 

All outputs open 
108 148 mA 

1 DD2 Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open 

14 20 mA 

1 003 Average refresh current 

to  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

80 128 mA 

IDD4 Average page-mode current 

tc(p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

80 128 mA 

All typical values are at TA = 25°C and nominal supply voltages. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f 1 MHz 

PARAMETER MAX UNIT 

Ci(A) 	Input capacitance, address inputs 20 pF 

Cup) 	Input capacitance, data input 5 pF 

Coc) 	Input capacitance, strobe inputs 32 pF 

Ci(w) 	Input capacitance, write enable input 32 pF 

Co 	Output capacitance 6 pF 

switching characteristics over recommended supply voltage range and operating free-air 
temperature range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4184EC4-12 TM4184EC4-15 
UNIT — 

MIN 	MAX MIN 	MAX 

ta(C) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates tCAC 75 90 ns 

ta(R) 	Access time from RAS 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
tRAC 120 150 ns 

Output disable time 
tdislCHl 	after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	40 0 	40 ns 

TEXAS 
INSTRUMENTS 
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TM4164EC4 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4164EC4-20 
UNIT  

MIN 	MAX 

talc) 	Access time from CAS 
CL = 100 pF 

Load = 2 Series 74 TTL gates 
tCAC 135 ns 

taIRI 	Access time from RAS' 
1 RLCL = MAX,. 

 
Load = 2 Series 74 TTL gates tRAC 200 ns 

Output disable time 
tdislCH) after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	50 ns 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 

timing requirements over recommended supply voltage range and operating free air temperature range 

ALT. 

SYMBOL 

TM4164EC4-12 TM4184EC4-15 
UNIT 

MIN MAX MIN MAX 

tc (pl Page-mode cycle time tPC 130 160 ns 

tc(rd) Read cycle timet IRC 230 260 ns 

tc(W) Write cycle time twc Zan 2R0 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC • .'"• ns 

tw(CH) Pulse duration, CAS high (precharge timW tcp ou ou ns 

tw(CL) Pulse duration, TA-g lows tCAS 75 10,000 90 10,000 ns 

tw(RHI Pulse duration, FTKg high (precharge time) tRp 80 100 ns 

twIRL) Pulse duration, F-rKg lowl tRAS 120 10,000 150 10,000 ns 

twiWl Write pulse duration twp 40 45 ns 

tt Transition times (rise and fall) for RA-g and UZ tT 5 50 5 50 ns 

tsu(CA) Column-address setup time tASC 0 0 ns 

tsu(RA) Row-address setup time tASR 0 0 ns 

tsu (D) Data setup time tDS 0 0 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCH) Write-command setup time before 7K3` high tCWL 50 50 ns 

tsu(WRH) Write-command setup time before RAS high tRWL 50 50 ns 

th(CLCA) Column-address hold time after rKg low tCAH 40 45 ns 

thfRA) Row-address hold time tRAH 20 25 ns 

th(RLCA) Column-address hold time after FVcg low tAR 85 105 ns 

th(CLD) Data hold time after rilTg low tDHC 45 50 ns 

th)RLD) Data hold time after RA low tDHR 90 100 ns 

th(WLD) Data hold time after W low tDHW 45 50 ns 

thICHrd) Read-command hold time after TA-g high tRCH 0 0 ns 

th(RHrd) Read-command hold time after Fi,ig high tRRH 5 5 ns 

th(CLW) Write-command hold time after Z-A-g low tWCH 45 50 ns 

th(RLW) Write-command hold time after RAlow tWCR 90 100 ns 

tRLCH Delay time, RAS low to i.AS high tCSH 120 150 ns 

tCHRL Delay time, TA-3 high to WKS low tCRP 0 0 ns 

tCLRH Delay time, ZTitg low to APTg high tRSI-1 60 100 ns 

tCLWL  
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 50 60 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

1RCD 25 45 30 60 ns 

tRLWL  
Delay time RAS low to Tv low 

(read-modify-write cycle only) 
tRWD 110 120 ns 

tWLCL 
Delay time, W low to Uig 

low (early write cycle) 
tWCS 0 0 ns 

trf Refresh time interval )REF 4 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vg_ max and VIH min 
must be met at the 10% and 90% points. 

tAll cycle times assume tt = 5 ns. 
tPage mode only. 
5 In a read-modify-write cycle, tCLWL  and tsu fwcH) must be observed. Depending on the user's transition times, this may require additional 

Z-A-g low time (t w in)). This applies to page mode read-modify-write also. 

lln a read-modify-write cycle, tRLWL  and  tsulWRH)  must be observed. Depending on the user's transition times, this may require additional 
A-Kg low time (twgio)• 
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5-58 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4164EC4-20 
UNIT 

MIN MAX 

tc P Page-mode cycle time tPC 206 ns 

tc(rd) Read cycle timet tRC 326 ns 

tc(W) Write cycle time tWC 326 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 345 ns 

tw(CH) Pulse duration, CAS high (precharge time)* tcp 80 ns 

tw(CL) Pulse duration, CAS lows tCAS 135 10,000 ns 

tw(RH) Pulse duration, WKS high (precharge time) tRp 120 ns 

tw(CL) Pulse duration, WKS low) tRAS 200 10,000 ns 

tw(w) Write pulse duration twp 55 ns 

tt Transition times (rise and fall) for WKS and CAS tT 3 50 ns 

tsu(CA) Column-address setup time tASC 0 ns 

tsu(RA) Row-address setup time tASR 0 ns 

tsu(D) Data setup time tOS 0 ns 

tsu(rd) Read-command setup time tRCS 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 60 ns 

tsu(WRH) Write-command setup time before i'l'. Sk 	high tRWL 60 ns 

th(CLCA) Column-address hold time after TP—S, 	low tCAH 55 ns 

th(RA) Row-address hold time tRAH 30 ns 

th(RLCA) Column-address hold time after 1V7S low tAR 120 ns 

th(CLD) Data hold time after CAS low tDHC 60 ns 

th(RLD) Data hold time after RAS low tDHR 125 ns 

th(WLD) Data hold time after W low tDHW 60 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 ns 

th(RHrd) Read-command hold time after WAS high tRRH 5 ns 

th(CLW) Write-command hold time after CKS low tWCH 60 ns 

th)RLW) Write-command hold time after WKS low tWCR 145 ns 

tRLCH Delay time, WKS low to CAS high tCSH 200 ns 

tCHRL Delay time, CAS high to RAS low tCRp 0 ns 

tCLRH Delay time, CAS low to WKS high tRSH 135 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) tCWD 65 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 
tRCD 35 65 ns 

tRLWL 
Delay time, RAS low to W low 

(read-modify-write cycle only) 
tRWD 130 ns 

tWLCL 
Delay time, W low to CAS 

low (early write cycle) 
tWCS 0 ns 

trf Refresh time interval tREF 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, 
must be met at the 10% and 90% points. 

*All cycles times assume tt = 5 ns. 
*Page mode only. 
gin a read-modify-write cycle, tCLWL  and tsu)WGHI  must be observed. Depending on the user's transition times, this 
UKS low time (tw (cL)). This applies to page mode read-modify-write also. 

1 	••ad-modify-write cycle, tRLWL  and tsu (WRH) must be observed. Depending on the user's transition times, this 
ow time (tw(CL)). 

VII_ max and VIH min 

may require additional 

may require additional 
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TM4164EC4 
65,536 BY 431T DYNAMIC RAM MODULE 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

RL = 220 0 

OUTPUT 
UNDER 

TEST 
CL = 100 pF 

FIGURE 1. LOAD CIRCUIT 
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early write cycle timing 
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write cycle timing 
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The enable time (t en ) for a write cycle is equal in duration to the access time from CAS It a ic)1 in a read cycle; but the active levels at the output are invalid. 
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read-write/read-modify-write cycle timing 
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page-mode read cycle timing 
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page-mode write cycle timing 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 

RAS-only refresh timing 

TI single-in-line package nomenclature 

5-66 

(55,9 x 11,4 mm) 
12.2 x 0.45 inches) 

Max Access 
—12 120 ns 
—15 150 ns 
—20 200 ns 

L 0°C fo 70°C 
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TM4164EL9 . . . L SINGLE-IN-LINE PACKAGEt 
TM4164FM9 ... M SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VDD (1) 
CAS (21 

DQ1 (3) 

AO (4) 

Al (5).  

DQ2 (6) 

A2 (7) 
A3 (8) 

VSS (9) 
DQ3 (10) 

A4 (11) 

AS (12) 
DQ4 113) 

A6 (14) 
A7 (15) 

DQ5 (16) 

NO (17) 
NC (18) 
NC (19) 

DQ6 (20) 
W (21) 

VSS (22)  
DQ7 (23) 

	

NC (24)• 	 

	

DQ8 (25)• 	 

	

Q9 (26) 	 

	

RAS (27) 	 

	

CAS9 (28) 	 

	

D9 129) 	 

	

VDD (30) 	 
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PIN NOMENCLATURE 

AO-A7 

CAS, CAS9 

DQ1-00.8 

D9 

NC 

Q9 

ITA-g 

VDD 

VSS 
w 

Address Inputs 

Column-Address Strobes 

Data In/Data Out 

Data In 

No Connection 

Data Out 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

TM4164EL9, TM4164FM9 
65,536 BY 9-BIT DYNAMIC RAM MODULES 

- REVISED NOVEMBER 1985 

• 65,536 X 9 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 

• Utilizes Nine 64K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS 
	

READ 

TIME 
	

TIME 
	

OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MINI 

	

TM4164__9-12 
	

120 ns 
	

75 ns 
	

230 ns 

	

TM4164__9-15 
	

150 ns 
	

90 ns 
	

260 ns 

	

TM4164__9-20 
	

200 ns 
	

135 ns 
	

326 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 

• Low Power Dissipation: 

OPERATING 	STANDBY 

(TYP) 	 (TYP) 

	

TM4164__9-12 	1800 mW 	157.5 mW 

	

TM4164__9-15 	1575 mW 	157.5 mW 

	

TM41649-20 	1215 mW 	157 5 mW 

• Operating Free-Air Temperature . . . 0°C to 
70 °C 

tTM4164EL9 package is shown. 
tPin 17 of the 256K x 9 SIP will be memory address A8. 

description 

The TM4164__9 series are 576K, dynamic 
random-access memory modules organized as 
65,536 x 9 bits [bit nine (D9, Q9) is generally 

used for parity and is controlled by CAS9] in 

a 30-pin single-in-line package comprising nine 
TMS4164FPL, 65,536 x 1 bit dynamic RAM's in 
18-lead plastic chip carriers mounted on top of 
a substrate together with nine 0.1 pc decoupling 

capacitors mounted beneath the chip carriers. 

The onboard capacitors eliminate the need for 
bypassing on the motherboard and offer superior 

performance over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board 
spacing the TM4164__9 has a density of ten devices per square inch (approximately 4X the density of 
DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 

PRODUCTION la 194ocuments a .1 information 
current as of ..ah ition date Pin' is conform 
to specificaticos p.: the terms of luros Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

4 TE 
INSTRUMENTS 

Copyright © 1985, Texas Instruments Incorporated 
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The TM4164__9 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 

as low as 1215 mW typical operating and 157.5 mW typical standby. 

Refresh period is extended to 4 mi • ...conds, and during this period each of the 256 rows must be strobed 

with RAS in order to retain data. ••••3 can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4164__9 is rated for operation from 0°C to 70°C. 

operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the nine chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 
strobe (RAS). Then the eight column-address bits are set up on pins AO through A7 and latched onto the 

chip by the column-address strobes (CAS for M1 thru M8 and CAS9 for M9). All addresses must be stable on 
or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 

amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and 

the input and output buffers for M1-M8. CAS9 is used similarly for M9. 

write enable (WI 

The read or write mode is selected through the write-enable (WI input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 

common I/O feature of the TM4164__9 dictates the use of early write cycles to prevent contention on 

D and Q. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the 

entire cycle permitting common I/O operation. 

data in (DQ1-DQ8, D9) 

Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 

to this signal. 

data out (DQ1-013.8, Q9) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 

the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high-
impedance state, a necessity due to the common I/O feature of the TM4164_9. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
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page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M9, 

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 

remain high for 100 /is immediately prior to initialization. Initialization consists of performing eight RAS 

cycles before proper device operation is achieved. 

single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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TM4164EL9, TM4164FM9 
65,536 BY 9-BIT DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range for any pin except VDD and data out (see Note 1 ) 	  — 1.5 V to 10 V 

Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 6 V 

Short circuit output current for any output 	  50 mA 

Power dissipation 	  9 W 

Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to VSS• 

recommended operating conditions 
MIN NOM MAX _ UNIT 

: VDD Supply voltage 4.5 tr 5.5 

VSS Supply voltage 0 V 

VIH High-level input voltage 
VDO = 4.5 V 2.4 4.8 

V VDD = 5 . 5  V 2.4 6 

VII_ Low-level input voltagelsee Notes 2 and 31 —0.6 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM4164_9-12 TM4164 9-19 _. 
— 	- 

MAI. 
UNIT 

MIN 	TYP t MAX M11 	I vi.' 

V0H High-level output voltage 10H = —5  mA 2.4 , c.4 V 

VOL  Low-level output voltage 10L = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 
V1=0 V to 5.8 V, Voo =5 V, 

All other pins = 0 V 
±10 ±10 ;LA 

10 Output current (leakage) 

V0 = 0.4 to 5.5 V, 

VDD = 5  V , 
 C70 high 

±10 ±10 pA 

t 
.D01 

Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
360 432 315 405 mA 

1 DD2 t  Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open 

31.5 45 31.5 45 mA 

'Din t  Average refresh current 

tc  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

252 360 225 333 mA 

1 004 :  Average page-mode current 

tot) = minimum cycle, 

RAS low and CAS cycling, 

All output; open 

252 360 225 333 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 
tloo1-loo4 are measured with M1-M9 in the same mode 	operating, standby, refresh or page model. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM41 64_9-20 
UNIT 

MIN TYP I MAX 

VOH High-level output voltage 1 0H = —5  mA 2.4 V 

VOL Low-level output voltage 1 01. = 4.2 mA 0.4 V 

II Input current (leakage) 
Vi = 0 V to 5.8 V, VDD = 5 V 

All other pins = 0 V 
±10 trA 

10 Output current (leakage) 

V0= 0.4 to 5.5 V, 

VDD = 5  V, 

CAS high 

± 10 ILA 

t  
IDD1 

Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
243 333 mA 

1 002 t Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open 

31.5 45 mA 

IDD3 *  Average refresh current 

tc  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

180 288 mA 

IDD4 t  Average page-mode current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

180 288 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

IDD1 - IDD4 are measured with M1-M9 in the same mode (i.e., operating, standby, refresh or page model. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MAX UNIT 

Ci(A) 	Input capacitance, address inputs 45 pF 

Ci(Dc) 	Input capacitance, •• •• ..nputs 11 pF 

Ci(RAS 	Input capacitance, i-:... :nput 72 pF 

Ci)w) 	Input capacitance, W input 72 pF 

Ci(CAS9) 	Input capacitance, Tolr3`9 input 8 pF 

Ci (CAS) 	Input capacitance, AS` input 72 pF 

Con) 	Input capacitance, D9 input 5 pF 

C01091 	Output capacitance, Q9 output 6 pF 

switching characteristics over recommended supply voltage range and operating free-air 
temperature range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 
TM4 164-9-12 

MIN 
TIVI4 1 R4-9-1 5 

UNIT 
MAX wr. MAX 

talc) Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 75 90 ns 

ta(131 Access time from RAS 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
tRAC 120 150 ns 

tdis(CHI 
Output disable time 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 40 0 40 ns 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4164 . 9-20 

MIN 	MAX 

ta(C) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 135 ns 

ta(R) 	Access time from RAS 
tRLCL = MAX, 
Load = 2 Series 74 TTL gates tRAC 200 ns 

Output disable time 
tdislCHl 	after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	50 ns 
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timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT, 

SYMBOL 

TM41649-12 TM4164__9-15 
UNIT 

MIN MAX MIN MAX 

tc(P) Page-mode cycle time 1PC 130 160 ns 

toird) Read cycle timet tnc 21n 260 ns 

tc(W) Write cycle time tWC 
.... 260 ns 

tw(CH) Pulse duration, CAS high (precharge timeit tcp Su 50 ns 

tw(CL) Pulse duration, CAS low tCAS 75 10,000 90 10,000 ns 

twIRH) Pulse duration, riAS high (precharge time) tRp 80 100 ns 

twIFIL) Pulse duration, RAS low tRAS 120 10,000 150 10,000 ns 

tw(W) Write pulse duration twp 40 45 ns 

tt Transition times (rise and fall) for riAS and ZAS tT 10 50 10 50 ns 

tsu(CA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsulDI Data setup time tDS 0 0 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 50 50 ns 

tsu(WRI-1) Write-command setup time before RAS high tRWL 50 50 ns 

th(CLCA) Column-address hold time after CAS low tCAH 40 45 ns 

thIRA) Row-address hold time tRAH 20 25 ns 

thIRLCA) Column-address hold time after RAS low tAR 90 100 ns 

th(CLD) Data hold time after CAS low tDHC 45 50 ns 

thIRLD) Data hold time after Kr, g low tDHR 90 100 ns 

th(CHM) Read-command hold time after CAS high tRCH ' 0 0 ns 

th(RHrd) Read-command hold time after RAS high tRRH 5 5 ns 

th(CLW) Write-command hold time after ZAS low tWCH 45 50 ns 

th(RLW Write-command hold time after RAS low tWCR 90 100 ns 

tRLCH Delay time, RAS low to TAT high tCSH 120 150 ns 

tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns 

tCLRH Delay time, CAS low to SAS high tRSH 60 100 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only) 

to guarantee access • - 

tRCD 25 45 30 60 ns 

tWLCL 
Delay time W low tc 

low (early write cycle) 
tWCS 0 0 ns 

trf Refresh time interval tREF 4 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions, In addition, VII_ max and VIH min 

must be met at the 10% and 90% points. 
tAll cycle times assume tt = 5 ns. The specified tt is due to testing limitations. Transition times may be as little as 3 ns in system use. 

iPage mode only. 

Tr xas 
iNS1 121 MENTS 

POST OFFICE BOX 1443 • HOUS100. TEXAS 77001 



5 

D
y

n
a

m
ic

  R
A

M
 M

o
d

u
le

s  

TM4164EL9, TM4164FM9 
65,536 BY 9-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4164__9-20 
UNIT 

MIN MAX 

tc (p) Page-mode cycle time tpc 206 ns 

tc(rd) Read cycle time tRC 236 ns 

tc (w) Write cycle time twc 326 ns 

tw(CH) Pulse duration, CAS high Iprecharge timeit tcp 80 ns 

tw(CL) Pulse duration, CAS low tCAS 135 10,000 ns 

tw )RH) Pulse duration, 	high (precharge time) tRP 120 ns 

tw(FIL) Pulse duration, RA 	low tRAS 200 10,000 ns 

tw (w) Write pulse duration twp 55 ns 

tt Transition times (rise and fall) for RiTg and CAS tT 10 50 ns 

tsu(CA) Column-address setup time tASC 0 ns 

tsuIRA) Row-address setup time tASR 0 ns 

tsu(D) Data setup time tDS 0 ns 

tsu(rd) Read-command setup time tRCS 0 ns 

tsu(WCH) Write-command setup time before 7A—g high tCWL 60 ns 

tsu(WRH) Write-command setup time before 	high tRWL 60 ns 

th(CLCA) Column-address hold time after CAS low tCAH 55 ns 

thIRA) Row-address hold time tRAH 30 ns 

th(RLCA) Column-address hold 	after 	low tAR 125 ns 

th(CLD) Data hold time after ' % ' 	ow tDHC 60 ns 

th(RLD) Data hold time after FTA—g low tDHR 145 ns 

th(CHrd) Read-command hold time after T/Vg high tRCH 0 ns 

th)RHrd) Read-command hold time after Fligk 	high tRRH 5 ns 

th(CLW) Write-command hold time after CAS low tWCH 60 ns 

thIRLW) Write-command hold time after lirgt 	low tWCR 145 ns 

tRLCH Delay time, FTA7 low to 7/VS high tCSH 200 ns 

tCHRL Delay time, t—A—g high to 8AS low tCRP 0 ns 

tCLRH Delay time, rA—g, 	low to FT4—‹ high tRSH 135 ns 

tRLCL 

Delay time, RAS low to 	A 	ow 

(maximum value specified only 

to guarantee access time) 

tRCD 35 65 ns 

tWLCL 
Delay time, W low to CAT 
low (early write cycle) 

tWCS 0 ns 

t rf Refresh time interval tREF 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VIL max and VIH min 
must be met at the 10% and 90% points. 

tAll cycle times assume tt = 5 ns. The specified tt is due to testing limitations. Transition times may be as little as 3 ns in system use. 
*Page mode only. 
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TM4164EL9, TM4164FM9 
65,536 BY 9-BIT DYNAMIC RAM MODULES 

PARAMETER MEASUREMENT INFORMATION 
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FIGURE 1. LOAD CIRCUIT 
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page-mode read cycle timing 
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page-mode write cycle timing 
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TM4164EL9, TM4164FM9 
65,536 BY 9•BIT DYNAMIC RAM MODULES 

RAS-only refresh timing 

TI single-in-line package nomenclature 

 

TM 

  

4164 

 

EIF -)  

         

-15 

    

                     

 

TI 
MODULE 

  

MEMORY 
DEVICE 

PINOUT 
CONFIGURATION 

BOARD 
DIMENSIONS 

WORD WIDTH 
OUTPUT 

SPEED 
TEMPERATURE 

RANGE 

                     

L Package 

176,2 x 16,5 mm) 

13.0 x 0.65 inches) 

M Package 

188,9 x 15,24 mm) 

(3.5 x 0.6 inches) 

Max Access 
- 12 120 ns 
- 15 150 ns 
- 20 200 ns 

L 0°C fo 70°C 

t The E pinout configuration designator is used when specifying the L package; the F pinout configuration version designator is used when 
specifying the M package. 
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Q SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 
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Q4 (21) 

VSS (22) 
D5 (23) 
Q5 (24) 
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ADVANCE 
	

TM4164E05 
INFORMATION 
	

65,536 BY 5-BIT DYNAMIC RAM MODULE 

SEPTEMBER • 	— 	 NOVE•.• 

• 65,536 X 5 Organization 

• Single 5-V Supply (10% Tolerance) 

• 24-Pin Single-in-Line Package (SIP) 

• Utilizes Five 64K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MIN) (MINI 

	

TM4164EQ5-12 120 ns 	75 ns 230 ns 260 ns 

	

TM4164EQ5-15 150 ns 	90 ns 260 ns 285 ns 

	

TM4164EQ5-20 200 ns 	135 ns 330 ns 345 ns 

• Common CAS Control with Separate 
Data-In and Data-Out Lines with an "Early 

Write" Feature 

• Low Power Dissipation: 

PIN NOMENCLATURE 

description 

The TM4164EQ5 is a 320K, dynamic random-

access memory module organized as 65,536 x 
5 bits in a 24-pin single-in-line package 

comprising five TMS4164FPL, 65,536 x 1 bit 
dynamic RAM's in 18-lead plastic chip carriers mounted on top of a substrate together with five 0.1 g 
decoupling capacitors. The onboard capacitors eliminate the need for bypassing on the motherboard and 
offer superior performance over equivalent capacitors due to reduced lead inductance. Also, with 0.3 inch 
board spacing the TM4164EQ5 has a density of six devices per square inch (approximately 2.4X the density 

of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 

in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4164EQ5 is rated for operation from 0°C to 70°C. 

ADVANCE INFORMATION documents contain 
ir.,1-ration an new products in the sampling or 
j.iticuduction phase of development. Charactenstic 
data and other specifications are subject to change 
without notice. 

TFXAS 
INS1 RI "MENTS 
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OPERATING STANDBY 
(TYP) 	 ITYPI 

	

TM4161E05-12 	1000 mW 	88 mW 

	

TM4164EQ5-15 	875 mW 	88 mW 

	

TM4164EQ5-20 	675 mW 	88 mW 

• Operating Free-Air Temperature . . . 0°C to 
70 °C 

• Upward Compatible with 256K X 5 Single-
in-Line Package 

AO-A7 	 Address Inputs 

CAS 	 Column-Address Strobe 

D1 -D5 	 Data Inputs 

NC 	 No Connection 

C11-05 	 Data Outputs 

RAS 
	

Row-Address Strobe 

VDD 
	

5-V Supply 

VSS 
	

Ground 

Write Enable 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

upward compatibility 

Future 256K x 5 memory modules in single-in-line packages will have identical pin functions and spacing, 

and will be directly upward compatible. Pin 1 of the TM4256EQ5 (256K x 5 SIP) module will be memory 

address A8. 

operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the five chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 

strobe (RAS). Then the eight column-address bits are set up on pins AO through A7 and latched onto the 

chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 

RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 

permitting common I/O operation. 

data in (D1-D5) 

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 

edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard 

TTL circuits without a pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the 
data is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or 

read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and 

hold times referenced to this signal. 

data out (Q1-Q5) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 
the access time interval t a  (c) that begins with the negative transition of CAS as long as  ta(R)  is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 

going high returns them to a high-impedance state. In the early write cycle, the outputs are always in 
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 

for the read cycle. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on a single 
module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 

proper module. 

,to 
5-82 	 TEXAS 
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TM4164E05 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 

remain high for 100 its immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 

single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

logic symbol t 

(18) 
RAM 

2008/2100 

20015/2107 

G23/[REFRESH 
24[PWR DWN] 

C21 
G24  

1.--"'"(>C20[ROW1 

24EN 

64K x 5 

0 

(4) 

AO 
(12) 

Al 
(17) 

A2 
(131 

A3 
(8) A4 65,535 

ROW] 

23C22 

A5 (7) 

A6 (14)  
A7 16)  

(19) ^ 
RAS 

(5) 

• 
—1=1"•> 

CAS 

_
vv 

(111F" 

• 

23,21D 

D1 (3) 
A 22D 	 AV 

D2 (91 Q1 
(10) 

D3 ilbi 
Q2 

(15)
Q3  

D4 (20) (21) 
D5 (23) 

Q4 
(24) 

Q5 

tihis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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1241 

RAM 64K X 1 

A0-A7 

RAS 

CAS 
w 

VDD VSS 

• (17) 
• 
• (8) 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

VSS 

RAM 64K X 1 

A0-A7 

RAS 

CAS 

w 

VDD VSS 

RAM 64K X 1 

A0-A7 

RAS 

CAS 

w 

VDD 

(4)  
Q1 

110) Q2  

8 RAM 64K X 1 

• , A0-A7 

• ^ RAS 

	

• 

 CAS 
	 w 

D3 (16) 

VDD VSS 

8 RAM 64K X 1 

• / AO-A7 

RAS T.-. •	 

• ^ CAS 
• w 

D4 (20) 	 

VDD VSS 

D1 13) 

D2 (91  
•	 

•	 
• 

• 

'N 

• 
8 •	 

8 
•  	
ti  

(15) 
Q3 

(21) Q4 
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TM4164E 05 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range on any pin except VDD and data out (see Note 11 	  —1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 6 V 
Short circuit output current for any output 	  50 mA 
Power dissipation 	  4 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

1 Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 
VDD = 4.5 V 2.4 4.8 

V 
VDD = 5.5 V 2.4 6 

Vg_ Low-level input voltage (see Notes 2 and 3) —0.6 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM4164EQ5-12 TM4164EQ5-15 
UNIT 

MIN TYPt MAX MIN TYPt MAX 

VOH High-level output voltage loH = —5 mA 2.4 2.4 V 

VOL Low-level output voltage 10L = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 
Vi = 0 V to 5.8 V, VDD = 5 V. 

All other pins = 0 V 
±10 ±10 trA 

1 0 Output current (leakage) 

Vo = 0.4 V to 5.5 V, 

Vr,r, = 5 V, 

. 	' 	sigh 

±10 ±10 rak 

1 001 
Average operating current 

during read or write cycle 

t, = minimum cycle, 

All outputs open 
160 192 140 180 mA 

1002 Standby current 

After 1 memory cycle, 

ITAg, 	and t—Kg high, 

All outputs open 

14 20 14 20 mA 

1 003 Average refresh current 

te  = minimum cycle, 

TAZ high and 1=1, 	cycling, 

All outputs open 

112 160 100 148 mA 

1004 Average page-mode current 

tc(pl = minimum cycle, 

7,1Tg low and CAS cycling, 

All outputs open 

112 160 100 148 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

TEXAS 
INSTRUMENTS 
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

0 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM4164EQ5-20 
UNIT 

MIN TYP t MAX 

VOH High-level output voltage IOH = —5  mA 2.4 V 

VOL Low-level output voltage IOL = 4.2 mA 0.4 V 

II Input current (leakage) 
V1 = 0 V to 5.8 V, VDD = 5 V, 

All other pins = 0 V 
t 10 sA 

10 Output current (leakage) 

Vo = 0.4 V to 5.5 V, 

VDD = 5  V , 
 CAS high 

t 10 pA 

DID1 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
108 148 mA 

10D2 Standby current 

After 1 memory cycle, 

TAR and CAS high, 

All outputs open 

14 20 mA 

1 DD3 Average refresh current 

tc  = minimum cycle, 

CAS high and l'IAS cycling, 

All outputs open 

80 128 mA 

1 004 Average page-mode current 

tc (p) = minimum cycle, 

RAT low and i AS cycling, 

All outputs open 

80 128 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 

n • 	 capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

0 
O. 

CD 
fA 

switching characteristics over recommended supply voltage range and operating free-air 
temperature range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4164EQ5-12 TM4164EQ5-15 
UNIT 

MIN 	MAX MIN 	MAX 

ta(C) 	Access time from M 
CL = 100 pF, 

Load = 2 Series 74 TTL gates ICAC 75 90 ns 

te (RI 	Access time from RAS tRLCL = MAX,  
Load = 2 Series 74 TTL gates tRAC 120 150 ns 

Output disable time 
tdis(CH) 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	40 0 	40 ns 

Additional information on these products can be obtained from the factory as it becomes available. 

TEXAS 
iNS1 RUM ENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 

PARAMETER MAX UNIT 

CIIA) 	Input capacitance, address inputs TBD pF 

Co) 	Input capacitance, data input TBD pF 

CIIRC) 	Input capacitance strobe inputs TBD pF 

Cj win 	Input capacitance, write enable input TBD pF 

C o 	Output capacitance TBD pF 

5-86 
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4164E05-20 
UNIT  

MIN 	MAX 

ta(C) 	Access time from TATg 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 135 ns 

taIR) 	Access time from FIAS tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

tRAC 200 ns 

Output disable time 

tdisICH)after L'Irg, 	high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	50 ns 
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

timing requirements over recommended supply voltage and operating free-air temperature range 

ALT. 

SYMBOL 

TM4164E05-12 TM4164EQg-1 g 
U NIT  

MIN MAX MIN r.t A • 

top) Page-mode cycle time tpc 130 160 ns 

tcird) Read cycle timet tRC 230 260 ns 

tow) Write cycle time tWC 230 260 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 260 285 ns 

tw(CI-1) Pulse duration, rAT high (precharge time)I tCp 50 50 ns 

tw)CL) Pulse duration, CAS low tCAS 75 10,000 90 10,000 ns 

tw(RH) Pulse duration, FTAT high (precharge time) tRp 80 100 ns 

tw(R1..) Pulse duration, RAS low1 tRAS , 	120 10,000 150 10,000 ns 

tw (w) Write pulse duration tWp 40 45 ns 

tt Transition times Into and fall) for 	■■ S and CAS tT 5 50 5 50 ns 

tsuICA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsulD) Data setup time tDS 0 0 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCH) Write-command setup time before (.AS high tCWL 50 50 ns 

tsu(WRH) Write-command setup time before RAS high tRWL 50 50 ns 

th(cLCA) Column-address hold time after CAS low tCAH 40 45 ns 

thIRAl Row-address hold time tRAH 20 25 ns 

thIRLCA) Column-address hold time after 	low tAR 90 100 ns 

thICLD) Data hold time after CAS low tDHC 45 50 ns 

thIRLD) Data hold time after RAS low tDHR 90 100 ns 

th(WLD) Data hold time after W low tDHW 40 45 ns 

thlCHrdl Read-command hold time after CAS high tRCH 0 0 ns 

' th(RHrd) Read-command hold time after FTA-g high tRRH 5 5 ns 

th(CLW) Write-command hold time after CAS low tWCH 45 50 ns 

thIRLW) Write-comr 	sold time after RAS low tWCR 90 100 ns 

tRLCH Delay time. 	' 	low to CAS high tCSH 120 150 ns 

tCHRL Delay time, CAS high to RAS low tCRP 0 0 ns 

tCLRH Delay time, CAS low to RAS high tRSH 60 100 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
t CWD 50 60 ns  

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

tRCD 20 45 25 60 ns 

tRLWL 
Delay time, RAS low to W low 

Iread-modify-write cycle only) 
t RWD 110 120 ns  

tWLCL 
Delay time, W low to CAS 

low (early write cycle) 
tWCS 0 0 ns 

t rf Refresh time interval tREF 4 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vg_ max and VIH min 
must be met at the 10% and 90% points. 

tAll cycles times assume tt = 5 ns. 

tPage mode only. 
5 In a read-modify-write cycle, ta_wi .  and ts ,j (wcH) must be observed. Depending on the user's transition times, this may require additional 
C—A—g low time (tw (cL)). This applies to page mode read-modify-write also. 

iln a read-modify-write cycle, tRLWL  and tsu mpH) must be observed. Depending on the user's transition times, this may require additional 

RA low time ItwIRL))• 

INS TEXAS AA 
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timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. TM4164EQ5-20 
UNIT 

SYMBOL MIN MAX 

'Ica.) Page-mode cycle time tPC 206 ns 

tc(rd) Read cycle time .'" tRC ns 

tc lW) Write cycle time tWC ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 345 ns 

twICH) Pulse duration, riTS high (precharge time)t tcp 80 ns 

tw)CL) Pulse duration, CO lows tCAS 135 10,000 ns 

tw(RH) Pulse duration, 	high (precharge time) tRp 120 ns 

tw )RL) Pulse duration, nS 'owl tRAS 200 10,000 ns 

tw (w) Write pulse duration twp 55 ns 

tt Transition times (rise and fall) for14—FiTS and AS tT 3 50 ns 

tsulCA) Column-address setup time tASC 0 ns 

tsu(RA) Row-address setup time tASR 0 ns 

tsu(D) Data setup time tDS 0 ns 

tsu(rd) Read-command setup time tRCS 0 ns 

tsu(WCH) Write-command setup time before riZ high. tCWL 60 ns 

tsu)WRH) Write-command setup time before RA S high tRWL 60 ns 

th(CLCA) Column-address hold time after tAS low tCAH 55 ns 

th(RA) Row-address hold time tRAH 30 ns 

th(RLCA) Column-address hold time after inS low tAR 125 ns 

th(cLo) Data hold time after CAS low tDHC 60 ns 

th)RLD) Data hold time after MIS low tDHR 145 ns 

th WLD Data hold time after W low tDHW 55 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 ns 

th(RHrd) Read-command hold time after SAS high tRRH 5 ns 

th(CLW) Write-command hold time after TA'S low tWCH 60 ns 

th(RLW) Write-command hold time afterSKS .  low tWCR 145 ns 

tRLCH Delay time, lk—Fg, 	low to TAS high tCSH 200 ns 

tCHRL Delay time, TA—g high to Irgi, 	low tCRP 0 ns 

tCLRH Delay time, LAS low to RAS` high tRSH 135 ns 

tCLWL  
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 65 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

tRCD 30 65 ns 

tRLWL 
Delay time, RAS low to W low 

(read-modify-write cycle only) 
tRWD 130 ns 

tWLCL 
Delay time, W low to CAS 

low (early write cycle) 
tWCS 0 ns 

t rf Refresh time interval tREF 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VII_ max and VIH min 

must be met at the 10% and 90% points. 

) All cycles times assume tt = 5 ns. 

Page mode only. 
In a read-modify-write cycle, tCLWL  and tsu (wcH) must be observed. Depending on the user's transition times, this may require additional 

US low time (tw icL)). This applies to page mode read-modify-write also. 

I In a read-modify-write cycle, tRLWL  and  tsu(WRH)  must be observed. Depending on the user's transition times, this may require additional 

11117 low time (tw orto). 
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PARAMETER MEASUREMENT INFORMATION 

1.31 V 

iRL = 220 0 

CL= 100 pF 

FIGURE 1. LOAD CIRCUIT 

read cycle timing 

OUTPUT 
UNDER 

TEST 
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early write cycle timing 

tc(WI 

 

twIRLI 
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-I 

	 I 
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VIH 

ill  14-  twIRH)-0.1 	
VII. r_tt  10--  tCLRH 
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i
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

read-write/read-modify-write cycle timing 
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TM4164EQ5 
65,536 BY 5-BIT DYNAMIC RAM MODULE 

RAS-only refresh timing 

TI single-in-line package nomenclature 

168,6 x 11,4 mm) 

(2 7 x 0 45 inches) 
Max Access 

-12 120 ns 

-15150 ns 

-20 200 ns 

L 0°C to 70°C 
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VDD (1) 
CAS 12) 
DQ1 (3) 

AO (4) 

Al (5) 

DQ2 16) 
A2 (7) 
A3 (8) 

VSS ( 9 ) 
DQ3 (10) 

A4 (11) 

A5 (12)  	

DQ4 (13) 

A6 (14) 
A7 (15) 

DQ5 116) 

	

NCt (17) , 	

NC (18) 

NC (19) 
DQ6 120) 

121) 

VSS (22) 

	

DQ7 1231' 	
NC (24) 

	

DQ8 1251' 	

NC (26) 
RAS 127) 

NC (28) 

NC (29) 

	

VDD (301' 	

OPERATING 
(TYP) 

1600 mW 
1400 mW 
1080 mW 

STANDBY 
ITYPI 

140 mW 
140 mW 
140 mW 
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PIN NOMENCLATURE 

A0-A7 

CAS 

001-DQ8 

NC 

WAS 

VDD 

VSS 

Address Inputs 

Column-Address Strobe 

Data In/Data Out 

No Connection 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

TM4164FL8, TM4164FM8 
65,536 BY 8-BIT DYNAMIC RAM MODULES 

NO 
	

985 

• 65,536 X 8 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 

• Utilizes Eight 64K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS 
	

ACCESS 
TIME 
	

TIME 
ROW 
	

COLUMN 
ADDRESS ADDRESS 

MAX) . MAX) 

	

TM4164__8-12 
	

120 ns 
	

75 ns 

	

TM4164__8-15 
	

150 ns 
	

90 ns 

	

TM41648-20 
	

200 ns 
	

135 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Low Power Dissipation: 

TM4164__8-12 
TM4164__8-15 
TM4164__8-20 

• Operating Free-Air Temperature . . . 0 °C to 
70 °C 

TM4164FL8 . . . L SINULF IN-UNE PACkAGLT 
TM4164FM8 . . . M SIPALE-IN-LINE PAC:F.AGE 

(TOP VIEW) 

READ 
OR 

WRITE 
CYCLE 
(MINI 

230 ns 
260 ns 
326 ns 

tTM4164FL8 package is shown. 
tPin 17 of the 256K x 8 SIP is memory address A8. 

description 

The TM4164__8 series are 512K, dynamic 
random-access memory modules organized as 
65,536 x 8- bits in a 30-pin single-in-line 
package comprising eight TMS4164FPL, 65,536 
x 1-bit dynamic RAM's in 18-lead plastic chip 
carriers mounted on top of a substrate together 
with eight 0.1 eF decoupling capacitors mounted 
beneath the chip carriers. The onboard 

capacitors eliminate the need for bypassing on 
the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced 
lead inductance. Also, with 0.3 inch board 
spacing the TM4164_8 has a density of 8.5 devices per square inch (approximately 3.5X the density of 
of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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65,536 BY 8•BIT DYNAMIC RAM MODULES 
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The TM4164__8 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 

as low as 1080 mW typical operating and 140 mW typical standby. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data in 

are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM4164__8 is rated for operation from 0°C to 70 °C. 

operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the eight chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 
strobe (RAS). Then the eight column-address bits are set up on pins AO through A7 and latched onto the 

chip by the column-address strobes. All addresses must be stable on or before the falling edges of RAS 

and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 
CAS is used as a chip select activating the column decoder and the input and output buffers for M1-M8. 

write enable (WI 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 

TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM4164__8 dictates the use of early write cycles to prevent contention on 

D and Q. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the 

entire cycle permitting common I/O operation. 

data in (D01-DQ8) 

Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, W 

is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 
this signal. 

data out (DQ1-DQ8) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 

the outputs go active after the access time interval t a (C) that begins with the negative transition of CAS 

as long as ta(R) is satisfied. The outputs become valid after the access time has elapsed and remains valid 

while C—A-S is low; CAS going high returns it to a high-impedance state. In the early write cycle, the 
outputs are always in the high-impedance state, a necessity due to the common I/O feature of the 
TM4164__8. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
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TM4164FL8, TM4164FM8 
65,536 BY 8-BIT DYNAMIC RAM MODULES 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M8, 

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 

remain high for 100 As immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 

single -in- line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 

logic symbolt 

AO 

Al 

A2 
A3 

A4 

A5 

A6 

A7 

RAS 

CAS 

Tv  

DQ1 

DQ2 

003 
DQ4 

DQ5 

DQ6 

DQ7 
DQ8 

141 
RAM 

2008/21D0 

20D15/21D7 

C20[ROW1 
G23/[REFRESH 

24[PWR DM] 
C21(COLJ 

G24 

64Kx8 

0 

151 

(7) 
IR) 

A 
65,535 

ROW) 

23C22 

[:4EN 

(12) 

114. 

—1==> 

•	 
(271. 

(2) 	
r•-■ 

• 

(21) 
23,21D 

131 1 
A,22D 

A,Z31— 
V 31 

161 

1101 
(13) 

1161 

1201 
.23) 

, Z..: 

I.  This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
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RAS 
CAS 
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CAS 
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VDD VSS  
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RAS 

CAS 
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VDD VSS 
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(10) 
DQ3 	 

M3 
8 
	 AO-A7 

ti  CRA SS  A 
ti  w 

D 

VDD VSS 

8 

(131 
DQ4 	 

Das  1261 

M4  

AO A7 

RAS 

CAS 

D 

VDD VSS 

A6 	 
(151 

A7 

127) 

(2) 

(211 

M1 
8 

AO-A7 
RAS 

CAS 

D 

VDD VSS 

M2 

AO A7 

RAS 

CAS 

D 	Q 

VDD VSS 

•	 

DQ5 (161 

8 

N. 	 

DQ6 (20) 	 

8 
•	 

Da7  (231 

RAS 

CAS 

DQ1 	 

DQ2 	 

TM4164FL8, TM4164FM8 
65,536 BY 8-BIT DYNAMIC RAM MODULES 

functional block diagram 

(41 

(51 

A2 
(71  

A3 • 

A4 • 

AS • 

111 

	• 	 
vvDosop (3"  1_ 	_t 7, 	•• 	pa 

VSS VSS 	• — 
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TM4164FL8, TM4164FM8 
65,536 BY 6-BIT DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range on any pin except VDD and data out (see Note 11 	  — 1.5 V to 10 V 

Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 6 V 

Short circuit output current for any output 	  50 mA 

Power dissipation 	  8 W 

Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150 °C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause perinanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

Viii High-level input voltage 
VDD = 4.5 V 2.4 4.8 

V 
VDD = 5 . 5  V 2.4 6 

VIL Low-level input voltage (see Notes 2 and 3) —0.6 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled "TMS4164A and TMS4416 Input Protection Diode" on page 9-5. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TM4184__8-12 TM4184__8-15 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VOH High-level output voltage 1 0H = —5 mA 2.4 2.4 V 

VOL Low-level output voltage lot, = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 
VI = 0 V to 5.8 V, VDD = 5 V, 

All other pins = 0 V 
± 10 ±10 pA 

1 0 Output current (leakage) 

VD = 0.4 V to 5.5 V, 

VDD = 5 V, 

AS high 

± 10 ± 10 pA 

IDD1 
Average operating currant 

during read or write cycle 

tc = minimum cycle, 

All outputs open 
320 384 280 360 mA 

1 002 Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open 

28 40 28 40 mA 

1003 Average refresh current 

tc  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

224 320 200 296 mA 

1 004 
Average page-mode 

current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

224 320 200 296 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

IDD1 -1 004 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh or page mode). 
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TM4164FL8, TM4164FM8 
65,536 BY 8-BIT DYNAMIC RAM MODULES 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TM4164__8-20 

UNIT 
MIN TYP t MAX 

VOH High-level output voltage loH = —5 mA 2.4 V 

VOL Low-level output voltage IOL = 4.2 mA 0.4 V - 

li Input current (leakage) 
V1= 0V to 5.8 V. \too= 5 V, 

All other pins = 0 V 
t 10 AA 

10 Output current (leakage) 

Vo = 0.4 V to 5.5 V, 

VDD = 5  V,  

CAS high 

t 10 tiA 

1 DD1 4  
Average operating current 

during read or write cycle 

t c  = minimum cycle, 

All outputs open 
216 296 mA 

1002
# Standby current 

After 1 memory cycle, 

RAS and CAS high, 

All outputs open 

28 40 mA 

1D1339 Average refresh current 

tc  = minimum cycle, 

tTg high and FTsS, 	cycling, 

All outputs open 

160 256 mA 

IDD4
t Average page-mode 

current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

160 256 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

1 001 -1 004 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh or page model. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f= 1 MHz 

PARAMETER MAX UNIT 

Co) 	Input capacitance, address inputs 40 pF 

Ci(Do) 	Input capacitance, 	i a.• nputs 11 pF 

Ci RAs 	Input capacitance, rir nput 64 pF 

CI (w) 	Input capacitance, W input 64 pF 

CiICAS) 	Input capacitance, TAT input 64 pF 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4164_13-12 TM4164__6-15 
UNIT 

MIN MAX MIN MAX 

ta(C) Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
 tCAC 75 90 ns 

ta(R) Access time from RAS 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
 tRAC 120 150 ns 

tdis1C1-11 
Output disable time 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
 1OFF 0 40 0 40 ns 

5-104 	 TEMS 
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TM4164FL8, TM4164FMB 
65,536 BY 8-BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4184__8-20 
UNIT 

MIN 	MAX 

ta lc) 	Access time from CAS 
CL -= 100 pF, 

Load = 2 Series 74 TTL gates 
 tCAC 135 ns 

taiR) 	Access time from RAS 
tRLCL = MAX ,  

Load = 2 Series 74 TTL gates 
tRAC 200 ns 

Output disable time 
tdis(C1-0  

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	50 ns 

Tr xAs 
1Ns-i RUM ENT'S 
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65,536 BY B-BIT DYNAMIC RAM MODULES 
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timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4164__8-12 TM4164__8-15 
UNIT 

MIN 	MAX MIN 	MAX 

tc(P) 	Page-mode cycle time tpc 130 160 ns 

tc(rd) 	Read cycle time* tliC 230 260 ns 

tc (Ar) 	Write cycle time tWC 230 280 ns 

tw(CH) 	Pulse duration, CAS high (precharge time)* tcp 50 50 ns 

tw(CLI 	Pulse duration, TAT low tCAS 75 	10,000 90 	10,000 ns 

tw(RH) 	Pulse duration, WAT high (precharge time) tRp 80 100 ns 

tw(RL) 	Pulse duration, TAT low tRAS 120 	10,000 150 	10,000 ns 

twlW) 	Write pulse duration twp 40 45 ns 

tt 	Transition times (rise and fall) for RAS and CAS I tT 10 	50 10 	50 ns 

tsuICA) 	Column-address setup time tASC 0 0 ns 

tsu(RA) 	Row-address setup time tASR 0 0 ns 

tsu(D) 	Data setup time tDS 0 0 ns 

tsulrd) 	Read-command setup time tRCS 0 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 50 50 ns 

tsuIWRHI 	Write-command setup time before l!§1 	high tRWL 50 50 ns 

th(CLCA) 	Column-address hold time after CAS low tCAH 40 45 ns 

thIRA) 	Row-address hold time )RAH 20 25 ns 

th(RLCA) 	Column-address hold time after ITAg low tAR 85 100 ns 

th(CLD) 	Data hold time after Tr.< low tDHC 45 50 ns 

thIRLD) 	Data hold time after r A '  ow tDHR 90 100 ns 

th(CHrd) 	Road-command hobo time after CAS high tRCH 0 0 ns 

th(RHrd) 	Read-command hold time after WKS high tRRH 5 5 ns 

thICLW) 	Write-command hold time after CAS low tWCH 45 50 ns 

th(RLW) 	Write-commend hold time after );A S` low tWCR 90 100 ns 

tRLCH 	Delay time, RAS low to TAT high tCSH 120 150 ns 

tCHRL 	Delay time, CAS high to ITA-g low tCRP 0 0 ns 

tCLRM 	Delay time, t-AT low to liAg high tRSH 60 100 ns 

Delay, time, Flogk 	low to CAS low 

Wu 

	

	(maximum value specified only 

to guarantee access time) 

IRCD 25 	45 30 	60 ns 

Delay time, W low to CAS 
tWLCL 

low (early write cycle) 
tWCS 0 0 ns 

tr.' 	Refresh time interval tREF 4 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, VIL max and VIH min 

must be met at the 10% and 90% points. 

tAll cycle times assume tt = 5 ns. The specified tt  = is due to testing limitations. Transition times may be as little as 3 ns in system use. 

*Page mode only. 
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TM4164FL8, TM4164FM8 
65,536 BY 8-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4164__8-20 
UNIT 

MIN 	MAX 

tc lpl 	Page-mode cycle time /PC 206 ns 

/c(rd) 	Read cycle time* /RC 326 ns 

tc (w) 	Write cycle time /WC 326 ns 

*w(CH) 	Pulse duration, CAS high (precharge time)* tcp 80 ns 

/w(CL) 	Pulse duration, CAS low /CAS 135 	10,000 ns 

/w(RH) 	Pulse duration, 11A$ high (precharge time) tRp 120 ns 

twlRL) 	Pulse duration, RAS low tRAS 200 	10,000 ns 

twlwl 	Write pulse duration /WP 55 ns 

tt 	Transition times (rise and fall) for 	and TATg t /T 10 	50 ns 

tsu icA) 	Column-address setup time /ASC 0 ns 

tsu(RA) 	Row-address setup time /ASR 0 ns 

/su(D) 	Data setup time /DS 0 ns 

/su(rd) 	Read-command setup time /RCS 0 ns 

/su(WCH) Write-command setup time before TAT high /CWL 60 ns 

tsu(WRH) Write-command setup time before RAS high tRWL 60 ns 

th(CLCA) 	Column-address hold time after TAT low tCAH 55 ns 

/h1RA) 	Row-address hold time /RAH 30 ns 

/h(RLCA) 	Column-address hold time after FTAT low /AR 125 ns 

th(cm) 	Data hold time after TAT low tDHC 60 ns 

th(RLD) 	Data hold time after FIAT low tDHR 145 ns 

ThICHrd) 	Read-command hold time after TAT high tRCH 0 ns 

th(RHrd) 	Read-command hold time after TO high /FIRH 5 ns 

/h(CLW) 	Write-command hold time after CAS low tWCH 60 ns 

th(Kw) 	Write-command hold time after 	low tWCR 145 ns 

tRLCH 	Delay time, FTAT low to TAT high tCSH 200 ns 

tCHRL 	Delay time, TAT high to TrAt low /CRP 0 ns 

tCLRH 	Delay time, CAS low to ITAT high /FISH 135 ns 

Delay, time, RA T low to CAS low 

tRLCL 	(maximum value specified only 

to guarantee access time) 

tRCD 35 	65 ns 

Delay time, W low to TAT 
/WLCL 

low (early write cycle) 
/WCS 0 ns 

t rf 	Refresh time interval /REF 4 ms 

NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, %fn .  max and VIH min 

must be met at the 10% and 90% points. 
*All cycle times assume tt = 5 ns. The specified tt = is due to testing limitations. Transition times may be as little as 3 ns In system use. 
* Page mode only. 
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PARAMETER MEASUREMENT INFORMATION 

1.31 V 

iRL = 220 0 

I
, CL = 100 pF 
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FIGURE 1. LOAD CIRCUIT 
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TM4164FL8, TM4164FM8 
65,536 BY 11•BIT DYNAMIC RAM MODULES 

page-mode read cycle timing 
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RAS-only refresh timing 

TI single-in-line package nomenclature 

5-1 1 2 

L Package 
(76,2 x 16,5 mm) 
(3.1 x 0.65 inches) 

M Package 
(88,9 x 15,24 mm) 
(3.5 x 0.60 inches) 

Max Access 
—12 120 ns 
—15 150 ns 
—20 200 ns 

L 0°C to 70°C 
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C SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

A8 (1) 

VDD (2 ) 
DI (3) 

Q1 (4) 

CAS (5) 
A7 (6) 

A5 (7) 

A4 (8) 

D2 (9) 

PIN NOMENCLATURE 

AO-A8 
	

Address Inputs 

CAS 
	

Column-Address Strobe 

D1-04 
	

Data Inputs 

NC 
	

No Connection 

C11-Q4 
	

Data Outputs 

RA-TS 
	

Row-Address Strobe 

VDD 
	

5-V Supply 

VSS 
	

Ground 

W 
	

Write Enable 

Q2 (10) 
W (1 1 ) 

Al (12) 
A3 (13) 

A6 (14) 
Q3 (15), 
D3 (16) 
A2 (17) 
AO (18) 

RAS (19) 
D4 (20) 
Q4 (21) 

VSS (22) 
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TM4256EC4, TM4257EC4 
262,144 BY 4•BIT DYNAMIC RAM MODULES 

SEPTEMBER 9185 — REVISED NOVEMBER 1985 

• 262,144 X 4 Organization 

• Single 5-V Supply (10% Tolerance) 

• 22-Pin Single-in-Line Package (SIP) 

• Utilizes Four 256K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS READ READ- 

	

TIME 	TIME 	OR MODIFY- 
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 
IMAM (MAXI (MINI (MINI 

	

TM425_EC4-12 12CI ns 	60 ns 230 ns 275 ns 

	

TM425_EC4-15 150 ns 	75 ns 260 ns 305 ns 

	

TM425_EC4-20 200 ns 	100 ns 330 ns 370 ns 

• Common CAS Control with Separate Data 
Input and Output Lines 

• Operating Free-Air Temperature ... 0°C to 
70 °C 

• Downward Compatible with 64K X 4 Single-
in-Line Package (TM4164EC4) 

description 

The TM425_EC4 is a 1024K, dynamic random-

access memory module organized as 262,144 
x 4 bits in a 22-pin single-in-line package 
comprising four TMS425_FML, 262,144 x 1 bit 

dynamic RAM's in 18-lead plastic chip carriers 
mounted on top of a substrate together with decoupling capacitors mounted beneath the chip carriers. 

The onboard capacitors eliminate the need for bypassing on the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM425_EC4 has a density of ten devices per square inch (approximately 4X the density of DIPs)• With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 
holes, a cost savings can be realized. 

The TM425_EC4 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation as 

low as 900 mW typical operating and 50 mW typical standby. 

Refresh period is extended to 4 rr I I • -conds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. .1 :.5 can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM425_EC4 is rated for operation from 0 °C to 70°C. 

PhuDIu TIDN DATA documents contain information 
:up.,  as of publication date. Products conform to 
a;.u....h...dions per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

491 
TEXAS 

INS1 RL MENTS 

Copyright © 1985, Texas Instruments Incorporated 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

operation 

address (AO through A81 

Eighteen address bits are required to decode 1 of 262,144 storage cell locations on each of the four chips. 
Nine row-address bits are set up on pins AO through A8 and latched onto the chip by the row-address 

strobe (RAS). Then the nine column-address bits are set up on pins AO through A8 and latched onto the 
chip by the column-address strobe. All addresses must be stable on or before the falling edges of RAS 

and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 

CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (WI input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 

TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data outs will remain in the high-impedance state for the entire cycle 

permitting common I/O operation. 

data in (D1-D4) 

Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 

to this signal. 

data out (Q1-Q4) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 

the access time interval t a lc) that begins with the negative transition of CAS as long as  ta (R)  is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns it to a high-impedance state. In the early write cycle, the outputs are always in the 
high-impedance state. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

CAS-before-RAS refresh 

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tuRL) and 
holding it low after RAS falls (see p • ter tRLCHR)•  For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling •• • • The external address is ignored and the refresh address is 
generated internally. 

hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
hol.: ICAS at VII_ after a read operation and cycling RAS after a specified precharge period, similar to 

a ' ':•13-only" refresh cycle. The external address is also ignored during the hidden refresh cycles. 

page mode (TM4256EC4) 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 

TEXAS 
INSTRUMENTS 
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single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 

logic symbol t 

20D9/21D0 
RAM 256Kx4 

A 
262,143 t o  20D17/21D8 

C. C20[ROW1 

G23/[REFRESH ROW] 

24 [PWR DWN] 

4%. C21[C01.] 
G24 

& 
> 23C22 

23,21D 24EN 
r 

A,22D 	 A 7 

AO 

Al 
A2 

A3 

A4 

A5 

A6 

A7 
AS 

1181 

1121 

117) 

1131 

18) 

17) 

114) 

161 

111 

1191 
RAS 

151 
CAS 

W 
(111 

131  
D1 

191 
D2 

1181 
D3 

D4 — 

TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

nibble mode (TM4257EC4) 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 

data. The first bit is accessed in the normal manner with read data coming out at t a (o) time. The next 

sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 

determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 

sequence: 

re.(0,0) 	 (0,1 

  

(1,0 	 (1,11-7 

  

    

In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 

any desired combination. 

power up 

To achieve proper device operation, an initial pause of 200 As is required after power up followed by a 

minimum of eight initialization cycles. 

141 
Q1 

1101  
Q2 

1151  
Q3 

(211  
Q4 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

functional block diagram 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

RAS 

CAS 

W 

D1 

D 

D3 

D4 

VDD 

VSS 

1181 

9 

Q1 

02 

Q3 

Q4 

(12) 
(17) 

113) 

18) 

17) 	N 

1141 	N 

16) 

(1) 

1191 
RAM 256Kx1 
AO A8 

RAS 

CAS 
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VDD 	VSS 

14) 
0 

15) t•-. 

111) ts--, 

131 

19) 
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r---., 

RAM 256K,1 
AO-A8 

RAS 

CAS 

W 

D 
VDD 	VSS 

(10) 
Q 

116) 

9 
. 

RAM 256K 
AO-A8 

RAS 

CAS 

W 
D 
VDD 	VSS 

B1 

1151 

11 

I", 

r...., 

120) 

9 

Q 

RAM 256Kx1 
AO AS 
RAS 

CAS 
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D 

VDD 	VSS 
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TM4256EC4, TM4257EC4 
262,144 BY 4.61T DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 

Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 7 V 

Short circuit output current for any output 	  50 mA 

Power dissipation 	  4 W 

Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

t Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. INS is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 

Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to Vss• 

recommended operating conditions 

MIN NOM MAX UNIT 

V00 Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 21 - 1 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425EC4-12 
- 

TM425EC4-15 _ 
UNIT 

MIN TYPt MAX MIN TYPt MAX 

VOH High-level output voltage 1 0H = -5  mA 2.4 VDD 2.4 VDD V 

VOL Low-level output voltage 1 0L = 4.2 mA 0 0.4 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V, VDD = 5 V. 

All other pins = 0 V 
±10 ±10 AA 

1 0 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD --= 5 V, 	high 
± 10 ± 10 /IA 

1 DD1 
Average operating current 

during read or write cycle 

t, = minimum cycle, 

All outputs open 
260 312 220 272 mA 

1 002 Standby current  

After 1 memory cycle, 

and CAS high, 

All outputs open 

10 18 10 18 mA 

1 003 Average refresh current 

tc  = minimum cycle, 

TA-g high and 	cycling, 

All outputs open 

180 240 160 212 mA 

1 004 Average page-mode current 

tc (p) = minimum cycle, 

A-Kg low and CAS cycling, 

All outputs open 

140 192 120 172 mA 

1 005 
current 

Average nibble-mode 

	

. 	= minimum cycle, 

	

• :.. 	ow and CAS cycling, 

All outputs open 

128 176 108 156 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425 _ EC4-20 
UNIT 

MIN TYP I MAX 

VOH High-level output voltage loH = — 5 mA 2.4 VDD V 

VOL Low-level output voltage 10L = 4.2 mA V  0 0.4 

Ii Input current (leakage) 
Vi = 0 V to 6.5 V. VDD = 5 V. 

All other pins = 0 V 
± 1 0 RA 

10 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V, CAS high 
± 10 ILA 

1 001  
Average operating current 
during read or write cycle 

tc  = minimum cycle, 
All outputs open 

180 232 mA 

1 0132 Standby current 

After 1 memory cycle, 

WAS and CAS high, 

All outputs open 

10 18 mA 

1003 Average refresh current 

tc  = minimum cycle, 

CAS high and TAT cycling, 

All outputs open 

140 192 mA 

1 004 Average page-mode current 

tc ip) = minimum cycle, 

17A—g low and CAS cycling, 

All outputs open 

100 140 mA 

1 005 
Average nibble-mode 

current 

• 	. 	= minimum cycle, 

A'.  ow and t—A—g cycling, 

All outputs open 

88 128 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

Ci (A) Input capacitance, address inputs 28 pF 

Ci(D) Input capacitance, 	: • • nputs 28 pF 

Ci(RAS) Input capacitance, •• 	nput 32 pF 

Ci(w) Input capacitance, W input 32 pF 

Ci(CAS) Input capacitance, CAS input 32 pF 

Co (o) Output capacitance, data outputs 40 pF 

ColVDD) Decoupling capacitance 0.4 AF 

4 
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TM4256EC4, TM4257EC4 
262,144 BY 4•BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425_EC4-12 TM425_EC4-15 
UNIT 

MIN 	MAX MIN 	MAX 

talC) 	Access time from TiTg, 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 60 75 ns 

talF1) 	Access time from FIAT 
tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

tRAC 120 150 ns 

Output disable time 
tdislC1-11 

after ricg high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 0 	35 ns 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425_EC4-20 
UNIT  

MIN 	MAX 

ta(C) 	Access time from TAT 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 100 ns 

tale) 	Access time from Flig., 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
tRAC 200 ns 

Output disable time 
tdis(C1-11 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 ns 
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timing requirements over recommended supply voltage range and operating free air temperature range 

ALT. 

SYMBOL 

TM42% EC4-12 
UNIT  

MIN MA, 
 

tcie) Page-mode cycle time (read or write cycle) tPC ' 	. • • ns 

tc (pm) Page-mode cycle time (read-modify-write cycle) tpcM 165 ns 

tc(rci) Read cycle time t 5RC 230 ns 

tc (W) Write cycle time tWC 230 ns 

tc(rdW) Read-write/reed-modify-write cycle time tRWC 275 ns 

tw(CH)p Pulse duration, TA—g high (page model tCP 50 ns 

tw(CH) Pulse duration, 	high (non-page model tCPN 25 ns 

tw(CL) Pulse duration, CAS lowt tCAS 80 10,000 ns 

tw(RH) Pulse duration, WAS high tRp 100 ns 

twIRL) Pulse duration, RAS low 5  tRAS 120 10,000 ns 

tw(W) Write pulse duration twp 40 ns 

tt Transition times (rise and fall) for gAT and z--A-g tT 3 50 ns 

tsu(CA) Column-address setup time tASC 0 ns 

tsu(RA) Row-address setup time tASR 0 ns 

tsu(DI Data setup time tOS 0 ns 

tsuIrd) Read-command setup time tRCS 0 ns 

tsuIWCL) 
Early write-command setup time 

before CAS low 
tWCS 0 ns 

tsu(WCH) Write-command setup time before 	--A—g high tCWL 40 ns 

tsu(WRH) Write-command setup time before RAS high tRWL 40 ns 

th(CLCA) Column-address hold time after CAS low tCAH 20 ns 

thIRA) Row-address hold time tRAH 15 ns 

th RLCA Column-address hold • 	• after RAS low tAR 80 ns 

th CLD Data hold time after r: ' 	ow tDI-IC 35 ns 

th(RLD) Data hold time after FRS low tDHR 95 ns 

th(WLD) Data hold time after W low tDHW 35 ns 

th(CHrd) Read-command hold time after TAT high tRCH 0 ns 

th(RHrd) Read-command hold time after WAS high tRRH 10 ns 

th(CLW) Write-command hold time after CAS low tWCH 35 ns 

th(RLW) Write-command hold time after s low tWCR 95 ns 

Continued next page. 
NOTE 3: Timing measurements are referenced to VIL max and VIH min. 
tAll cycle times assume tt = 5 ns. 

t In a read-modify-write cycle, tam .  and tsu mcf.0 must be observed. Depending on the user's transition times, this may require additional 
TAT low time tw (c0). This applies to page-mode read-modify-write also. 

§In a read-modify-write cycle, tRLWL and tsu(WRH) must be observed. Depending on the user's transition times, this may require additional 

RAS low time itwiRL)). 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 

ALT. 

SYMBOL 

TMS425 EC4-12 
UNIT 

MIN 	MAX 

tRLCH Delay time, 1170 low to CAS high tCSH 120 ns 

tCHRL Delay time, 7AS high to RAS low tCRP 0 ns 

tCLRH Delay time, CAS low to WAS high tRSH 60 ns 

tRLCHR Delay time, WAS low to CAS highl tCHR 25 ns 

1CLRL Delay time, LAS low to WAS low1 tCSR 25 ns 

tRHCL Delay time, WAS high to TAS low', tRpC 20 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 60 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

tRCD 25 60 ns 

tRLWL 
Delay time, RAS low to W low 

(read-modify-write cycle only) 
tRWD 120 ns 

t rf Refresh time interval tREF 4 ms 

Continued next page. 
NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 
1CAS-before-WAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 

ALT. 

SYMBOL 

TM425_EC4-15 TM425_EC4-20 
UNIT 

MIN MAX MIN MAX 

tc (p) Page-mode cycle time (read or write cycle) TPC 145 190 ns 

tclpM) Page-mode cycle time (read-modify-write cycle) tpcm 190 245 ns 

tc(rd) Read cycle timet tRC 260 330 ns 

tc (w) Write cycle time tWC 260 330 ns 

tc(rdW) Read-write/read-modify-write cycle time IRWC 305 370 ns 

tw(C1-1)1. Pulse duration, CAS high (page mode) tcp 60 80 ns 

tw)CH) Pulse duration, CAS high (non-page model tCPN 25 30 ns 

tw)CL) Pulse duration, CAS low tCAS 75 10,000 100 10,000 ns 

tw(RH) Pulse duration, WAS high tRp 100 120 ns 

tw(RL) Pulse duration, A-A-t` low§ tRAS 150 10,000 200 10,000 ns 

tw tw) Write pulse duration twp 45 55 ns 

tt Transition times (rise and fall) for fr,(Z and rKg t'r 3 50 3 50 ns 

tsu(CA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsu(D) Data setup time tDS 0 0 ns 

tsuftd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 

before CAS low 
tWCS 0 0 ns 

tsu)WCH) Write-command setup time before rAT high tCWL 45 60 ns 

tsu)WRH) Write-command setup time before RAS high tRWL 45 60 ns 

th(CLCA) Column-address hold time after CAS low tCAH 25 30 ns 

thIRA) Row-address hold time tRAH 15 20 ns 

th(RLCA) Column-address hold time after Fli. 	low tAR 100 130 ns 

th)CLD) Data hold time after CAS low tDHC 45 55 ns 

th(RLD) Data hold time after firg low tDHR 120 155 ns 

th)WLD) Data hold time after W low tDHW 45 55 ns 

th)CHrd) Read-command hold time after rz high tRCH 0 0 ns 

thlRHrd) Read-command hold time after 1=1AS high tRRH 10 15 ns 

thICLWI Write-command hold time after CAS low tWCH 45 55 ns 

1h(RLW) Write-command hold time after FIAS low tWCR 120 . 	155 ns 

Continued next page. 
NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 
tAll cycle times assume tt = 5 ns. 
t In a read-modify-write cycle, tCLWL  and tsu (wcH) must be observed. Depending on the user's transition times, this may require additional 

CAS low time tw icL)). This applies to page-mode read-modify-write also. 

5 In a read-modify-write cycle, tRum_ and t su0NRH) must be observed. Depending on the user's transition times, this may require additional 

RAS low time (tw uRol. 
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TM4256EC4, TM4257EC4 
262,144 BY 4•BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 

ALT. 

SYMBOL 

TM425_EC4-15 TM425_EC4-20 
UNIT 

MIN MAX MIN MAX 

tRLCH Delay time, HAS low to CAS high tCSH 150 200 ns 

tCHRL Delay time, TO high to MS low tCRP 0 0 ns 

tCLRH Delay time, US low to k -A-S` high tRSH 75 100 ns 

tRLCHR Delay time WA-S low to US high/ tCHR 30 35 ns 

tCLRL Delay time, Z—AS low to WA'S' low1 tCSR 30 35 ns 

tRHCL Delay time, 1rKg high to CAS low1 tRpC 20 25 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCW13 70 90 ns 

tRLCL 

Delay time, RAS low to AS low 

(maximum value specified only 

to guarantee access time) 

tRCD 25 75 30 100 ns 

tRLWL 
Delay time, WAS low to W low 

(read-modify-write cycle only) 
tRWD 145 190 ns 

t rf Refresh time interval tREF 4 4 ms 

NOTE 3: Timing measurements are referenced to Mg_ max and VIH min. 

ICAS-before-RAS refresh only. 

NIBBLE-MODE CYCLE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER 
ALT. 

SYMBOL 

TM4257EC4-12 TM42e7EC4-15 TM4257EC4-20 
UNIT 

MIN 	MAX %lin 	MAX MI's 	MAX 

ta1CN) 	Nibble-mode access time from riS1 tNCAC 30 40 50 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4257EC4-12 TM4257EC4-15 TM4257EC4-20 
UNIT 

MIN 	MAX MIN 	MAX MIN 	MAX 

tclNl 	Nibble-mode cycle time tNC 60 75 90 

ns 

tclrdWN) 	Nibble-mode read-modify-write cycle time tNRMW 85  105 130 

tCLRHN 	Nibble-mode delay time, CAS low to US high tNRSH 30 40 50 

tCLWLN 	Nibble-mode delay time, U$ to W delay tNCWD 25 30 40 

twlCLN) 	Nibble-mode pulse duration, CAS low tNCAS 30 40 50 

tw1CHN) 	Nibble-mode pulse duration, CA7 high tNCP 20 25 30 

Nibble-mode read-modify-write pulse 
tw(CRWN) 

duration, -CAS low 
tNCRW 55 70 90 

Nibble-mode write command setup 

tsu1WCHN) time before ra .  high tNCWL 25 35 45 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

2200  

OUTPUT 
UNDER 

TEST 
100 pP 

FIGURE 1. LOAD CIRCUIT 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

early write cycle timing 
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TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 

write cycle timing 

I.- 	 tow) 

tThe enable time It en) for a write cycle is equal in duration to the access time from r ■cg ItaiC))  in a read cycle: but the active levels at 

the output are invalid. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 1493 • HOUSTON. TEXAS 77001 

5-126 

,to 



I 	I 
I 

1 
	

1 
tRLWL 	

I 

—44 14L  tsu(D) 

II 

HI Z Q1-Q4 

D
y

n
a

m
ic

  R
A

M
 M

o
d

u
le

s  

5 

read-write/read-modify-write cycle timing 
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TM4256EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULE 

page-mode read cycle timing 
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nibble-mode read cycle timing 

13 
a 

TEXAS 
INSTRUMENTS 

5-131 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 



TM4257EC4 
252,144 BY 4•BIT DYNAMIC RAM MODULE 

nibble-mode write cycle timing 
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RAS-only refresh cycle timing 
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automatic (CAS-before-RAS) refresh cycle timing 

  

14 	 

     

tcIrd) 

   

          

  

r—tw(RH)-11 	 
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tCLRL 
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TI single-in-line package nomenclature 
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(55,9 x 11,4 mm) 

12.2 x 0.45 inches) 

Max Access 

—12 120 ns 

—15 150 ns 

—20 200 ns 

L 0°C to 70°C 
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PIN NOMENCLATURE 

TM425_EL9 

A0-A8 

CAS, CAS9 

DQ1-DQ8 

D9 

NC 

Q9 

Wocg 

VDD 

VSS 

Address Inputs 

Column-Address Strobes 

Data In/Data Out 

Data In 

No Connection 

Data Out 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

SEPTEMBER 1985 — REVISED NOVEMBER 1985 

• 262,144 X 9 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 
—Pinned Module for Through-Hole Insertion 

(TM425_EL9) 
—Leadless Module for Use with Sockets 

(TM425_GU9) 

• Utilizes Nine 256K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS 
	

READ 
TIME 
	

TIME 
	

OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAX) (MAXI (MINI 

TM425___9-12 
	

120 ns 
	

60 ns 
	

230 ns 

TM 425_ __9-15 
	

150 ns 
	

75 ns 
	

260 ns 

TM4259-20 
	

200 ns 
	

100 ns 
	

330 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature . . . 0 °C to 
70 °C 

• Downward Compatible with 64K X 9 SIP 
(TM4164EL9, TM4164FM9) 

description 

The TM425___9 series are 2304K, dynamic 

random-access memory modules organized as 
262,144 x 9 bits [bit nine (D9, Q9) is •(.••..•(ally 

used for parity and is controlled by . t• • .1 in 
a 30-pin single-in-line package comprising nine 
TMS425_FML, 262,144 x 1 bit dynamic RAM's 

in 18-lead plastic chip carriers mounted on top 
of a substrate together with decoupling 

capacitors mounted beneath the chip carriers. 

The onboard capacitors eliminate the need for 
bypassing on the motherboard and offer superior 
performance over equivalent leaded capacitors 
due to reduced lead inductance. Also, with 0.3 

TM425_EL9 . . . L SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VDD 
CAS 

(11 
121 

DQ1 131 —41• 

AO (4) —4M 

Al (51 
DQ2 (61 

A2 (71 	 
A3 (81 

VSS 191 —■11 

DQ3 1101 
A4 (11) 
AS (12) —INN 

DQ4 (131 	 

A6 (14) —4•1 

A7 (151 ••—■/ 

DQ5 (16) 	 
A8 (17) 
NC (181 
NC 1191 

DQ6 (201 —.101 

(21)  

VSS (22)  —QM 

DQ7 (23) —4= 

NC (24) 
DQ8 (251 —4•11 

Q9 (261 —411 

RAS 127) 
CAS9 1281 	 

D9 (291 

VDD (301 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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PIN NOMENCLATURE 

TM425_GU9 

AO-A8 

CAS, CAS9 

001-D08 

D9 
NC 

PAD 
Q9 
RAS 

VDD 

VSS 
W 

Address Inputs 

Column-Address Strobes 

Data In/Data Out 

Data In 

No Connection 

Presence Detect (VSS) 

Data Out 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

TM425_GU9 ... U SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VDD (1) 
CAS 12) 

DQ1 (31 D 
AO 14) D 
Al (5) —1 

DQ2 (6) —I 
A2 (7) 
A3 18) D 

VSS (9)D 
003 (10) 3 

A4 (11)D 

A5 11213 
D104 (13) 

A6 (141: 
A7 115) 

DQ5 1161 

A8 (171D 

NC (181 
NC 1191D 

DQ5 (201D 
W (21) 

DQ7 
11 22  3  2 )) D Q 	D  

PRD 124) 

DQ8 125) 

09 1261 

RAS 1271D 

CAS9 1281D 
D9 (29) 

VDD 130) 

TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 
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inch board spacing the TM425___9 has a 
density of ten devices per square inch 

(approximately 4X the density of DIPs). With the 

elimination of bypass capacitors on the 
motherboard, reduced PC board size, and fewer 

plated-through holes, a cost savings can be 
realized. 

The TM425___9 features RAS access times of 

120 ns, 150 ns, and 200 ns maximum. Power 
dissipation as low as 2025 mW typical operating 

and 115 mW typical standby for 200 ns devices. 

Refresh period is extended to 4 milliseconds, and 

during this period each of the 256 rows must be 
strobed with RAS in order to retain data. CAS 

can remain high during the refresh sequence to 
conserve power. 

All inputs and outputs, including clocks, are 

compatible with Series 74 TTL. All address lines 

and data in are latched on chip to simplify system 
design. Data out is unlatched to allow greater 

system flexibility. 

The TM425___9 is rated for operation from 0 °C 
to 70 °C. 

presence detect 

This feature is included on the TM425_GU9 to 
allow for hardware p•••. , ••:ce detection of the 

memory module. The F9:1 1  pin for each module 

in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
p •iJle is present. When a module is present, 

•RI is a logic zero as this pin is connected to 

VSS on the module. PRD can only be used to 

detect a modules' presence, not its functionality. 
In a system not requiring presence detect, it is 

recommended that this pin be left as a no 

connect; this allows the use of either type of 

module without adverse effects. 

operation 

address (AO through A8) 

Eighteen address bits are required to decode 1 
of 262,144 storage cell locations on each of the 
nine chips. Nine row-address bits are set up on 
pins AO through A8 and latched onto the chip 
by the row-address strobe (RAS). Then the nine 

column-address bits are set up on pins AO 
through A8 and latched onto the chip by the 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

column-address strobes (CAS for M1 thru V ,  and CAS9 for M9). All addresses must be stable on or 

before the falling edges of RAS and CAS. is similar to a chip enable in that it activates the sense 

amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and 

the input and output buffers for M1 -M8. CAS9 is used similarly for M9. 

write enable (WI 
The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM425___9 dictates the use of early write cycles to prevent contention on 

D and Q. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the 

entire cycle permitting common I/O operation. 

data in (DQ1-DQ8, D9) 

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 

to this signal. 

data out (DQ1-DQ8, D9) 	 I  . 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 	a) 
are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 	5 
the access time interval t a (c) that begins with the negative transition of CAS as long as ta(R)  is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low: CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high- 

impedance state, a necessity due to the common I/O feature of the TM425___9. 	 2 
refresh 	 CC 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
co  

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
CI 

CAS-before-RAS refresh 

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see pa. 	tuRL) and 

holding it low after RAS falls (see parameter tRLCHR)• For successive CAS-before-P••' refresh cycles, 

CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 

generated internally. 

hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 

holding  CAS at Vit.. after a read operation and cycling RAS after a specified precharge period, similar to 
a "RAS-only" refresh cycle. The external address is also ignored during the hidden refresh cycles. 

page-mode ITM4256__91 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 

TEXAS  
INSTRUMENTS 	

5 - 139 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 



TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

nibble mode ITM4257__91 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 

data. The first bit is accessed in the normal manner with read data coming out at talc) time. The next 

sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 

determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 

Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 

sequence: 

no.(0,0) 	 • (0, 1 

  

1,0)— ► (1,1)--1 

  

   

In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 

any desired combination. 

power up 

To achieve proper operation, an initial pause of 200 As is required after power up followed by a minimum 

of eight initialization cycles. 

single -in -line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 

11‘91 
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VDD VSS  
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RAS 
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TM4256E19, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

functional block diagram 

(1) 
V
VDD 

 701+ 	  

VSS 131- 	
Cl • •• 	C9 

VSS • '1 PRD 

1TM425_GU9 only. 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 7 V 
Short circuit output current for any output 	  50 mA 
Power dissipation 	  9 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss• 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) — 1 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425 9-12 TM 425_ _ _9-15 
UNIT 

MIN TYPt MAX MIN TYPt MAX 

VOH High-level output voltage loH = —5 mA 2.4 VDD 2.4 VDD V 

VOL Low-level output voltage IOL = 4.2 mA 0 0.4 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V, VDD = 5 V, 

All other pins = 0 V 
±10 ± 1 0 pA 

1 0 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V, TAZ high 
± 10 ± 10 ILA 

. 
IDD1' 

Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
585 702 495 612 mA 

1 002 *  Standby current 

After 1 memory cycle, 

RA-g and CAhigh, 

All outputs open 

23 41 23 41 mA 

1 003 *  Average refresh current 

tc  = minimum cycle, 

CAS high and NAS cycling, 

All outputs open 

405 540 360 477 mA 

IDD4 t  Average page-mode current 

tc (p) = minimum cycle, 

NTS low and TAT cycling, 

All outputs open 

315 432 270 387 mA 

1 DD5 t 
Average nibble-mode 

current 

tc(N) =minimum cycle, 

1V-g low and TAT cycling, 

All outputs open 

288 396 243 351 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 
tIDD1-IDD5 are measured with M1-M9 in the same mode (i.e., operating, standby, refresh, page mode, nibble model. 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425___9-20 
UNIT 

MIN TYP 1  MAX 

VOH High-level output voltage 1 0H = —5  mA 2.4 VDD V 

VOL Low-level output voltage 1 0L = 4.2 mA 0 0.4 V 

Ii Input current (leakage) 
Vi = 0 V to 6.5 V. VDD = 5 V, 

All other pins = 0 V 
t 10 IA 

10 Output current (leakage) 
V0= 0.4 V to 5.5 V, 

VDD = 5 V, CAS high 
± 10 IA 

, 
' 1 DD1 

Average operating current 
during read or write cycle 

tc  = minimum cycle, 
All outputs open 

405 522 mA 

1DD2 t Standby current 

After 1 memory cycle, 

FT/Kg and TAT high, 

All outputs open 

23 41 mA 

11303t Average refresh current 

tc  = minimum cycle, 

CAS high and ITA-g cycling, 

All outputs open  

315 432 mA 

IDD4t Average page-mode current 

top) = minimum cycle, 

low and CAS cycling, 

All outputs open 

225 315 mA 

1005 t 
Average nibble-mode 

current 

tc(N)  = minimum cycle, 

RAS low and TAT cycling, 

All outputs open 

198 288 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 
$IDD1-IDD5 are measured with M1-M9 in the same mode (i.e., operating, standby, refresh, page mode, nibble mode). 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

Ci(A) Input capacitance, address inputs 63 pF 

Cigpo) Input capacitance, data inputs 17 pF 

Ci(RAS) Input capacitance, 	input 72 pF 

Cl(w) Input capacitance, W input 72 pF 

Ci(CAS9) Input capacitance, TAT9 input 8 pF 

Ci (CAS) Input capacitance, TAT input 64 pF 

Ci(09) Input capacitance, D9 input 7 pF 

Coog) Output capacitance, Q9 output 10 pF 

Co(VDDI Decoupling capacitance 0.8 AF 

TEXAS 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425___9-12 TM425 	9-15 
UNIT 

MIN 	MAX MIN 	MAX 

talc) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 60 75 ns 

taIRI 	Access time from RAS tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

tRAC 120 150 ns 

Output disable time 
tdisICHI 

after 	-tteg high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	35 0 	35 ns 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425 	9-20 ___ 
UNIT 

MIN 	MAX 

talC) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 100 ns 

ta m) 	Access time from FT-Vg 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
tRAC 200 ns 

Output disable time 
tdisICI-11 

after CA—S high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates tOFF 0 	35 ns 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM425___9-12 
UNIT 

MIN MAX 

tc(P) Page-mode cycle time (read or write cycle) tpc 120 ns 

tc(rd) Read cycle time/ tRC 230 ns 

/OM Write cycle time tWC 230 ns 

twICHIP Pulse duration, 7,47 high (page mode) tCP 50 ns 

tw(CH) Pulse duration, CAS high (non-page mode) tCPN 25 ns 

tw(CL) Pulse duration, t-A-S low tCAS 60 10,000 ns 

tw )RH) Pulse duration, TAT high (precharge time) tRp 100 ns 

tw (RL) Pulse duration,liAS low tRAS 120 10,000 ns 

tw )W) Write pulse duration twp 40 ns 

tt Transition times (rise and fall) for lkn and t-Kg tT 3 50 ns 

tsuICA) Column-address setup time tASC 0 ns 

tsu(RA) Row-address setup time tASR 0 ns 

tsu)Dl Data setup time tDS 0 ns 

tsu(rd) Read-command setup time tRCS 0 ns 

tsu)WCL) 
Early write-command setup time 

before TA-g low 
tWCS 0 ns 

tsu(WCH) Write-command setup time before TA-g high tCWL 40 ns 

tsu(WRH) Write-command setup time before 	AS high tRWL 40 ns 

thICLCA) Column-address hold time after CAS low tCAH 20 ns 

th(RA) Row-address hold time tRAH 15 ns 

th(RLCA) Column-address hold time after KZ low tAR 80 ns 

th(CLD) Data hold time after CAS low tDH 35 ns 

th(RLD) Data hold time after IIAt low tDHR 95 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 ns 

th(RHrd) Read-command hold time after An high tRRH 10 ns 

th(CLW) Write-command hold time after CAS low tWCH 35 ns 

th(RLW) Write-command hold time after 	low twCR 95 ns 

tRLCH Delay time, RAS low to CAS high tcsH 120 ns 

tCHRL Delay time, CAS high to RTg low tCRP 0 ns 

tCLRH Delay time, TA-g low to WiTg high tRSH 60 ns 

tRLCHR Delay time, RKS low to Z.-Kg high/ tCHR 25 ns 

tCLRL Delay time, Z7:Cg low to NoTg low/ tCSR 25 ns 

tRHCL Delay time, WAS high to TAg low* tRPC 20 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 
tRCD 30 60 ns 

t r f Refresh time interval tREF '4 ms 

NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 
/All cycle times assume tt = 5 ns. 
/TAT-before-TAT refresh only. 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM425___9-15 TM476___9-20 
UNIT 

MAX 
 

MIN MAX MIN 

tclpl Page-mode cycle time (read or write cycle) /PC 145 ns 

/c(rd) Read cycle time/ /RC 260 330 ns 

/c(W) Write cycle time tWC 260 330 ns 

/w(CHIP Pulse duration, M high (page mode) tax 60 80 ns 

tw(CH) Pulse duration, CAS high (non-page model tCPN 25 30 ns 

/w(CL) Pulse duration, M low /CAS 75 10,000 100 10,000 ns 

twlRH) Pulse duration, ITA-g high (precharge time) /RP 100 120 ns 

/wIFIL) Pulse duration, AKg low tRAS 150 10,000 200 10,000 ns 

tw (w) Write pulse duration twp 45 55 ns 

tt Transition times (rise and fall) for fin and M tT 3 50 3 50 ns 

/su(CA) Column-address setup time tASC 0 0 ns 

/suIRA) Row-address setup time /ASR 0 0 ns 

/su(D) Data setup time /DS 0 0 ns 

/suIrd) Read-command setup time /RCS 0 0 ns 

/su(WCL) 
Early write-command setup time 

before TA-6 low tWCS 0 0 ns 

tsu (wo-0 Write-command setup time before CAS high tCWL 45 60 ns 

tsu(WRH) Write-command setup time before 'Fin high tRWL 45 60 ns 

th(CLOA) Column-address hold time after TAT$ low tCAH 25 30 ns 

/h(RA) Row-address hold time /RAH 15 20 ns 

th(FILCA) Column-address hold time after RAZ low /AR 100 130 ns 

thICLD) Deta hold time after M low /13F1 45 55 ns 

th(RLDI Data hold time after AKg low /01-113 120 155 ns 

th(CHrd) Read-command hold time after CAS high /RCN 0 0 ns 

th(RHrd) Read-command hold time after RAS high tRRH 10 15 ns 

/11(CLW) Write-command hold time after M low tWCH 45 55 ns 

th(RLW) Write-come 	Told time after TM low /WCR 120 155 ns 

/FILCH Delay time. •••• ' 	ow to CAS high tCSH 150 200 ns 

tCHRL Delay time, CAS high to TrAg lOw /CRP 0 0 ns 

1CLRH Delay time, CAS low to F7e.S high tRSH 75 100 ns 

tRLCHR Delay time, TAT low to M hight tCHR 30 35 ns 

tCLRL Delay time, M low to ria-7  Iowt /CSR 30 35 ns 

tRHCL Delay time, M high to • :" low/ tRPC 20 25 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

IRCD 30 75 30 100 ns 

trf Refresh time interval /REF 4 4 ms 

NOTE 3: Timing measurements are referenced to Vg .  max and VIII min. 

/All cycle times assume tt = 5 ns. 
/M-before-RPTS, refresh only. 
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TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

NIBBLE-MODE CYCLE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER 
ALT. 

SYMBOL 

TM4257__9-12 TM4257__9-15 TM4257 	Q-70 
- UNIT 

MIN 	MAX MIN 	MAX MIN 	MA • 

ta(CN) 	Nibble-mode access time from tKg tNCAC 30 40 50 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4257__9-12 TM4257__9-15 TM4257__9-20 
UNIT 

MIN 	MAX MIN 	MAX MIN 	MAX 

tclN) 	Nibble-mode cycle time INC 60 75 90 

ns 

tCLRHN 	Nibble-mode delay time, rArg low to grg, 	high tNRSH 30 40 50 

tCLWLN 	Nibble-mode delay time, Tirg, 	to W delay tNCWD 25 30 40 

twICLN) 	Nibble-mode pulse duration, TA—g low tNCAS 30 40 50 

twICHN) 	Nibble-mode pulse duration, r,icg high tNCP 20 25 30 

Nibble-mode write command setup 
tsu(WCHN) time before TAZ high 

tNCWL 25 35 45 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9•BIT DYNAMIC RAM MODULES 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 
UNDER 

TEST 

1.31 V 

RL = 220 0 

T
CL = 100 pF 

= 

FIGURE 1. LOAD CIRCUIT 
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early write cycle timing 
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TM4256EL9, TM4256GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

page-mode read cycle timing 
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IN 

page-mode write cycle timing 

X -1  
> > 

L 

X —1 
> > 

IB 

T 

-1 
-J 
0 	 Si -4--  CC -a Q 	.."6 	a'-' 	cc 

fl___—  — — — -I _.3
a 

 — _ _ 1 -  «. 

T 	
__. 	_.1 

	

5 	T :... 

13 

a 	 §.: 
09 	 0 	±- 

tri  — 
H 

O 
U 

n
s  

a
re

  n
o

t  
v

io
la

te
d

.  

T 
E 
S 

a 

D
y

n
a

m
ic

  R
A

M
 M

o
d

u
le

s  

a 

a 

GO o) 
Cl 0 

0 a 

N
O

T
E

 5
:  
A

 r
e

a
d
 c

y
c

le
  c

a
n
  b

e
  i

n
te

rm
ix

e
d
 w

it
h

 w
ri
te

  c
y

c
le

s  
a

s
  
lo

n
g
  a

s
  r

e
a
d

 t
im

in
g
  s

  

5-151 

TM4256EL9, TM4256GU9 
262,144 BY 9•BIT DYNAMIC RAM MODULES 

POST OFFICE BOX 1443 • HOUSTON TEXAS 77001 



TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

nibble-mode read cycle timing 
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nibble-mode write cycle timing 
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262,144 BY 9-BIT DYNAMIC RAM MODULES 

RAS-only refresh timing 
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TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

hidden refresh cycle timing 
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5-156 

TM4256EL9, TM4256GU9, TM4257EL9, TM4257GU9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

TI single-in-line package nomenclaturet 

TM 
	

4256 
	

—15 

E Version 	 L Package 

Pin 24-No Connect (76,2 x 16,5 mml 

G Vet 	 (3.0 a 0.65 inches) 

Pin 24 	 U Package 

(88,9 x 16,5 mm) 

(3.5 x 0.65 inches) 

Max Access 

—12 120 ns 

—15 150 ns 

— 20 200 ns 

L 0°C to 70°C 

tThe E pinout configuration designator is used when specifying the L package; the G pinout configuration version designator is used when 

specifying the U package. 
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Q SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

A8 	(1) 

VDD (2) 
D1 	(3) 
01 	(4) 

CAS (5) 

A7 (6) 
A5 (7) 

A4 18) 
D2 	(9) 

02 (10) 
W (11) 

Al (12) 

A3 113) 

AS 114) 
03 (15) 

03 (16) 

A2 (17) 
AO (18) 

RAS (19) 

D4 (20) 
04 (211 

VSS (22) 

05 123) 
05 (24) 

PIN NOMENCLATURE 

Address Inputs 

Column-Address Strobe 

Data Inputs 

No Connection 

Data Outputs 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

AO-A8 

CAS 

D1-D5 

NC 

Q1-Q5 

RAS 

VDD 

VSS 
w 
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ADVANCE 
INFORMATION 

TM4256E05, TM4257E05 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

OCTOBER 1985— REVISED NOVEMBER 1985 

• 262,144 X 5 Organization 

• Single 5-V Supply (10% Tolerance) 
i • 

24-Pin Single-in-Line Package (SIP) 

• Utilizes Five 256K Dynamic RAMs in Plastic 

Chip Carrier 

• Long Refresh Period ... 4 ms (256 cycles) 

• All Inputs, Outputs, Clocks Fully TTL 

Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY-

ROW COLUMN WRITE WRITE 
ADDRESS ADDRESS CYCLE CYCLE 

	

(MAX) 	(MAX) (MINI (MINI 

	

TM425_EQ5-12 120 ns 	60 ns 230 ns 275 ns 

	

TM425_EQ5-15 150 ns 	75 ns 260 ns 305 ns 
TM425_EQ5-20 200 ns 100 ns 330 ns 370 ns 

• Common CAS Control with Separate 

Data-Input and Output Lines 

• Low Power Dissipation: 

TM425_EQ5-12 
TM425_EQ5-1 5 
TM425_EQ5-20 

OPERATING 
(TYP) 

1625 mW 

1375 mW 
1125 mW 

STANDBY 

)TYPI 
65 mW 
65 mW 

65 mW 

• Operating Free-Air Temperature ... 0°C to 

70°C 

• Downward Compatible with 64K X 5 Single-

in-Line Package (TM4164EQ5) 

description 

The TM425_EQ5 is a 1280K, dynamic random-

access memory module organized as 262,144 

x 5 bits in a 24-pin single-in-line package 
comprising five TMS425_FML, 262,144 x 1 bit dynamic RAM's in 18-lead plastic chip carriers mounted 

on top of a substrate together with five 0.1 µF decoupling capacitors mounted beneath the chip carriers. 

The onboard capacitors eliminate the need for bypassing on the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM425_EQ5 has a density of ten devices per square inch (approximately 4X the density of DIPS). With 

the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 

holes, a cost savings can be realized. 

The TM425_EQ5 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 

as low as 1125 mW typical operating and 65 mW typical standby. 

Refresh period is extended to 4 m•I'r .' conds, and during this period each of the 256 rows must be strobed 

with RAS in order to retain data. ;,A3 can remain high during the refresh sequence to conserve power. 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 
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All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM425_EQ5 is rated for operation from 0°C to 70 °C. 

operation 

address (AO through A8) 

Eight address bits are required to decode 1 of 262,144 storage cell locations on each of the five chips. 
Nine row-address bits are set up on pins AO through A8 and latched onto the chip by the row-address 

strobe (RAS). Then the nine column-address bits are set up on pins AO through A8 and latched onto the 

chip by the column-address strobe. All addresses must be stable on or before the falling edges of RAS 
and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 

CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 

TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 

permitting common I/O operation. 

data-in (D1-D5) 

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 

TTL circuits without a pull-up resistor. In the early write cycle, W is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-

write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 

referenced to this signal. 

data-out (Q1-Q5) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 

the access time interval t a  (c) that begins with the negative transition of CAS as long as t a (p) is satisfied. 

The outputs become valid after the access time has elapsed and remain valid while CAS is low; CAS 
going high returns it to a high-impedance state. In the early write cycle, the outputs are always in the 

high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 

for the read cycle. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

CAS-before-RAS refresh 

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tam) and 
holding it low after RAS falls (see parameter tRLCHR)• For successive CAS-before-RAS refresh cycles, 

CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 

internally. 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 

holding CAS at VD_ after a read operation and cycling RAS after a specified precharge period, similar to 

a "RAS-only" refresh cycle. The external address is also ignored during the hidden refresh cycles. 

page-mode (TM4256EQ5) 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. To extend beyond the 256 column locations on a single 

module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 

proper module. 

nibble mode (TM4257EQ5 ►  

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at talc) time. The next 

sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 

determined by the row and column addresses, which need to be supplied only for the first access. Column 

A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 

sequence: 

1—► 10,0 	 (0,1) 	 (1,01 	 (1,1)7 

In nibble-mode, all normal memory operations (read, write, or read-modify-write) may be performed in any 
desired combination. 

power up 

To achieve proper device operation, an initial pause of 200 As is required after power up followed by a 
minimum of eight initialization cycles. 

single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze D
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TM4256EQ5, TM4257E115 
262,144 BY 5•BIT DYNAMIC RAM MODULES 

logic symbol t 	 functional block diagram 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

120) 
•	 

•	 

123) 

•	 

9 

rti 

1•••., 

RAM 256Kx1 
9 

AO A8 

RAS 

CAS 

w 

VDD 	VSS 

RAM 256Kx1 

AO A8 

RAS 

CAS 

w 

121) 
- Q4 

124) 
Q5 

VDD ASS 

(21 

04 

D5 

VDD 

(221 
VSS 	 

Cl • • • 

0.1 0F 

C5 

0 1µF 

5-160 	 TEXAS 
INSTRUMENTS 

4 
POST OFFICE BOX 1443 • HOUSTON TEXAS 77001 



5 

D
y

n
am

ic
  R

A
M

 M
o

du
le

s  

TM4256EQ5, TM4257E05 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 6 V 
Short circuit output current for any output 	  50 mA 
Power dissipation 	  5 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to V. 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage Isee Note 2) — 1 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425_EQ5-12 TM425_EQ5-15 
UNIT 

MIN TYPI MAX MIN TYP t MAX 

VOH High-level output voltage 1 0H = —5  mA 2.4 VDD 2.4 VDD V 

VOL Low-level output voltage 101 = 4.2 mA 0 0.4 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V. VDD = 5 V, 

All other pins = 0 V 
±10 ±10 pA 

10 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V, ? 	high 
± 10 ± 10 pA 

1 0D1 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
325 390 275 340 mA 

1DD2 Standby current 

After 1 memory cycle, 

irAS and CAS high, 

All outputs open 

13 23 13 23 mA 

1 003 Average refresh current 

tc  = minimum cycle, 

TAg high and !Mg cycling, 

All outputs open 

225 300 200 265 mA 

IDD4 Average page-mode current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

175 240 150 215 mA 

1005 
 Average nibble-mode 

current 

tclNl = minimum cycle, 

1TAS low and tWg cycling, 

All outputs open 

160 220 135 160 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425_EQ5-20 
UNIT 

MIN TYPt MAX 

VOH High-level output voltage 1 0H = — 5 mA 2.4 VDD V 

VOL Low-level output voltage IOL = 4.2 mA 0 0.4 V 

11 Input current (leakage) 
Vi = 0 V to 6.5 V, VDD = 5 V, 

All other pins = 0 V 
± 10 pi\ 

1 0 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V, CAT high 
± 10 pA 

1 DD1 
Average operating current 
during read or write cycle 

tc  = minimum cycle, 
All outputs open 

225 290 mA 

1002 Standby current 

After 1 memory cycle, 

RAT and CAS high, 

All outputs open 

13 23 mA 

1 003 Average refresh current 

tc  = minimum cycle, 

CAS high and TAT cycling, 

All outputs open 

175 240 mA 

1004 Average page-mode current 

tc (p) = minimum cycle, 

RAT low and CAS cycling, 

All outputs open 

125 175 mA 

1 005 
Average nibble-mode 

current 

• 	.. 	= minimum cycle, 

'''7 1.  ow and CAT cycling, 

All outputs open 

110 160 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

Ci(A) Input capacitance, address inputs 35 pF 

C1101 Input capacitance, data inputs 35 pF 

Ci(RAS) Input capacitance, 'TAT input 40 pF 

cim)  Input capacitance, W input 40 pF 

Ci(CAS) Input capacitance, CAS input 40 pF 

Co(Q) Output capacitance, data outputs 10 pF 

Co(VDD) Decoupling capacitance 0.6 pc 

4 
5-162 	 TEXAS 
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TM4256EQ5, TM4257EL15 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 
TM42R EQ5-12 TM426 EQ6-15 

UNIT 
MIN 	MAX MIN 	MA x 

talc) 	Access time from TA—g 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 60 75 ns 

talR) 	Access time from TVS tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

tRAC 120 150 ns 

Output disable time 
tdisICH) 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 0 	35 ns 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425EQ5-20 _ 
UNIT 

MIN 	MAX 

talc) 	Access time from n7 
CL = 100 pF, 
Load = 2 Series 74 TTL gates 

tCAC 100 ns 

taIR) 	Access time from WO tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

tRAC 200 ns 

Output disable time 
tdis(CH) 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 ns 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5•BIT DYNAMIC RAM MODULES 

5-164 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM425_Enc_ 1 2 
— UNIT 

MIN •.• :. • 

tc(P) Page-mode cycle time (read or write cycle) tpc 120 ns 

tc (prvi) Page-mode cycle time (read-modify-write cycle) tPCM 165 ns 

tc(rd) Read cycle timet .  tRC 230 ns 

tow) Write cycle time tWC 230 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 275 ns 

tw(CHIP Pulse duration, CAS high (page model tCP 50 ns 

tw(CH) Pulse duration, CAS high (non-page model tcpN 25 ns 

tw(a) Pulse duration, TAT lows tCAS 60 10,000 ns 

tw(RH) Pulse duration, RFSk 	high qui 100 ns 

twIRL) Pulse duration, RAS low 5  tRAS 120 10,000 ns 

tw (w) Write pulse duration twp 40 ns 

tt Transition times (rise and fall) for RAS and tAS tT 3 50 ns 

tsu(CA) Column-address setup time tASC 0 ns 

tsulRA) Row-address setup time tASR 0 ns 

tsu(D) Data setup time t05 0 ns 

tsulrdl Read-command setup time tRCS 0 ns 

tsu(WCL) 
Early write-command setup time 

before CAS low 
tWCS 0 ns 

tsu(WCH) Write-command setup time before TA3 high tCWL 40 ns 

tsulWRH) Write-command setup time before T 	high' tRWL 40 ns 

th(CLCA) Column-address hold time after TA7 low tCAH 20 ns 

th(RA) Row-address hold time tRAH 15 ns 

thIRLCA) Column-address hold time after 13AS low tAR 80 ns 

thICLD) Data hold time after TAT low tDHC 35 ns 

thIRLD) Data hold time after ITAT low tDHR 95 ns 

th(WLD) Data hold time after W low tDHW 35 ns 

th(CHrdl Read-command hold time after CAS high tRCH 0 ns 

th(RHrd) Read-command hold time after ITAS high tRRH 10 nu 

th(CLW) Write-command hold time after CAS low tWCH 35 ns 

th(RLW) Write-command hold time after }WS low tWCR 95 ns 

Continued next page. 

NOTE 3: Timing measurements are referenced to Vg .  max and VIH min 

tAll cycle times assume tt = 5 ns. 

Sin a read-modify-write cycle, to_m_ and tsu(WCHI  must be observed. Depending on the user's transition times, this may require additional 

CAS low time tw (cL)). This applies to page-mode read-modify-write also. 

5 In a read-modify-write cycle,tpLwL and t sumpH) must be observed. Depending on the user's transition times, this may require additional 

RA S low time (tww)). 
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TM4256E115, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued ►  

ALT. 

SYMBOL 

TMS426_F05-12 

 MIN 	MA x— 
UNIT 

tRLCH Delay time, WAS low to CAS high tCSH 12u ns 

tCHRL Delay time, CAS high to rtas low tCRp 0 ns 

tCLRH Delay time, CAS low to RAS high tRSH 60 ns 

1RLCHR Delay time, RAS low to CAS highs tCHR 25 ns 

tCLRL Delay time, CAS` low to RAS lowl tCSR 25 ns 

tRHCL Delay time, fi-Kg high to CAS fowl tRpC 20 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 60 ns 

tRLCL 

Delay time, RA T low to CAS low 

(maximum value specified only 

to guarantee access time) 

IRCD 30 60 ns 

tRLWL 
Delay time, Fi! 1/4 g low to W low 

(read-modify-write cycle only) 
40,4/D 120 ns 

trf Refresh time interval tREF 4 ms 

Continued next page. 
NOTE 3: Timing measurements are referenced to Vg .  max and VIH min. 

SCAS-before:M refresh only. 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 

ALT. 

SYMBOL 

TM425_EQ5-15 TM425_EQ5-20 
UNIT 

MIN MAX MIN MAX 

tc (p) Page-mode cycle time (read or write cycle) tpc 145 190 ns 

tc (pm) Page-mode cycle time (read-modify-write cycle) IPCM 190 245 ns 

tcfrd) Read cycle timet tRC 280 330 ns 

tc (w) Write cycle time tWC 260 330 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 305 370 ns 

tw(CHIP Pulse duration; CAS high (page model tax 60 80 ns 

twICH) Pulse duration, CAS high (non-page model tCPN 25 30 ns 

tw)CL) Pulse duration, CAS lowt tCAS 75 10,000 100 10,000 ns 

tw(RH) Pulse duration, fl-A-$ high tRp 100 120 ns 

tw(RL) Pulse duration, RAT lows tRAS 150 10,000 200 10,000 ns 

tw (w) Write pulse duration tWP 45 55 ns 

tt Transition times (rise and fall) forla-g and CAS tT 3 50 3 50 ns 

tsu(CA) Column-address setup time tASC 0 0 ns 

tsu(RA) Row-address setup time tASR 0 0 ns 

tsu(D) Data setup time tDS 0 0 ns 

tsulrd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 

before CAS low 
tWCS 0 0 ns 

tsu(WCH) Write-command setup time before rA-g high tCWL 45 60 ns 

tsu(WRH) Write-command setup time before WAS high tRWL 45 60 ns 

thICLCA) Column-address hold time after CAS low tCAH 25 30 ns 

th(RA) Row-address hold time tRAH 15 20 ns 

th)RLCA) Column-address hold *in,. after WKS low tAR 100 130 ns 

th CLD Data hold time after 	' " 	ow tDHC 45 55 ns 

th(RLD) Data hold time after 	low tDHR 120 155 ns 

th(WLD) Data hold time after W low tDHW 45 55 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 0 ns 

th(RHrd) Read-command hold time after RAS high tRRH 10 15 ns 

th(CLW) Write-command hold time after nS low IWCH 45 55 ns 

th(Rt.w) Write-command hold time after An low tWCR 120 155 ns 

Continued next page. 

NOTE 3: liming measurements are referenced to Vit .  max and Vlli  min. 

tAll cycle times assume tt = 5 ns. 

ead-modify-write cycle, tcLyyL and t su  mai) must be observed. Depending on the user's transition times, this may require additional 

ow time tw(col• This applies to page-mode read-modify-write also. 

3 1n a read-modify-write cycle, tRLWL  and tsumm-) must be observed. Depending on the user's transition times, this may require additional 

NAT low time (tw(K))• 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5•BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(concluded) 

ALT. 

. SYMBOL 

TM425_EQ5-15 TM425_EQ5-20 
UNIT 

MIN MAX MIN MAX 

tRLCH Delay time, RAS low to i 	high tCSH 150 200 ns 

tCHRL Delay time, 7/CS high to11—AS low ICRP 0 0 ns 

tCLRH Delay time, CAS low to 117,LiS high tRSH 75 100 ns 

tRLCHR Delay time, RAS low to CAS highl tCHR 30 35 ns 

tCLRL Delay time, CAS low to RAS !owl tCSR 30 35 ns 

tRHCL Delay time, RAS high to CAS fowl tRPC 20 25 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
ICWD 70 90 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

tRCD 30 75 30 100 ns 

tRLWL 
Delay time, RAS low to W low 

(read-modify-write cycle only) 
tRWD 145 190 ns 

trf Refresh time interval tREF 4 4 ms 

NOTE  3: Timing measurements are referenced to Vg,, max and VIH min. 

1CAS-before-NA7 refresh only. 

NIBBLE-MODE CYCLE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER 
ALT. 

SYMBOL 

TM4257EQ5-12 TM4257EQ5-15 TM4257EQ5-20 
UNIT 

MIN 	MAX MIN 	MAX MIN 	MAX 

ta)CN) 	Nibble-mode access time from CAS tNCAC 30 40 50 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4257EQ5-12 TM4257535-15 TM4257EQ5-20 
UNIT 

MIN 	MAX MIN 	MAX MIN 	MAX 

tc(N) 	Nibble-mode cycle time tNC 60 , 75 90 

ns 

tclrdWN) 	Nibble-mode read-modify-write cycle time tNRMW 85 105 130 

tCLRHN 	Nibble-mode delay time, CAS low to RAS high tNRSH 30 40 50 

tCLWLN 	Nibble - mode delay time, CAS to W delay tNCWD 25 30 40 

tw(CLN) 	Nibble-mode pulse duration, CAS low INCAS 30 40 50 

tw(CHN) 	Nibble-mode pulse duration, CAS high tNCP 20 25 30 

Nibble-mode read-modify-write pulse 
twICRWN) 

duration, CAS low 
tNCRW 55 70 90 

Nibble-mode write command setup 
tsu(WCHN) time before CAS high 

tNCWL 25 35 45 
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PARAMETER MEASUREMENT INFORMATION 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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page-mode write cycle timing 
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TM4256EQ5, TM4257EQ5 
262,144 BY 5-BIT DYNAMIC RAM MODULES 

automatic (CAS-before-RAS) refresh cycle timing 
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• 

• Single 5-V Supply (10% Tolerance) 

1,048,576 X 1 Organization 

AO (10) 

• Performance Range: 

	

	 A7 (11) 

AS (12) 

	

ACCESS ACCESS READ READ- 	
CAS (13) 

	

TIME 	TIME 	OR MODIFY- 

	

ROW 	COLUMN WRITE WRITE 	 RAS3 (14) 

	

ADDRESS ADDRESS CYCLE CYCLE 	 A2 (15) 

	

(MAX) 	(MAX) 	(MIN) 	(MIN) 	 Al 116) 
TM425_FC1-12 120 ns 	60 ns 230 ns 275 ns 	 NC (17) 
TM425_FC1-15 150 ns 	75 ns 260 ns 305 ns 

A4 (18) 
TM425_FC1-20 200 ns 	100 ns 330 ns 370 ns 

RAS4 (19) 
• Common CAS Control with Separate Data 	 AS (20) 

Input and Output Lines 	 VDD (21) 

• Operating Free-Air Temperature .. . 0°C to 	 VSS (22)  

70 °C 

C SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VSS (1) 

VDD (2) 
RAS1 (3) 

Q (4) 
A3 (5) 
A6 (6) 

D (7) 
W (8) 

RAS2 (9) 

• 22-Pin Single-in-Line Package (SIP) 

Utilizes Four 256K Dynamic RAMs in Plastic 

Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 

Compatible 

• 3-State Outputs 

PIN NOMENCLATURE 

AO-A8 

CAS 

D 

NC 

WAT1-TAZ4 

VDD 

VSS 

Address Inputs 

Column-Address Strobe 

Data Input 

No Connection 

Data Output 

Row-Address Strobes 

5-V Supply 

Ground 

Write Enable 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

OCTOBER 1985 — REVISED NOVEMBER 1985 

description 

The TM425_FC1 series are 1024K, dynamic 

random-access memory modules organized as 
1,048,576 x 1 bit in a 22-pin single-in-line 

package comprising four TMS425_FML, 
262,144 x 1 bit dynamic RAM's in 18-lead 

plastic chip carriers mounted on top of a 

substrate together with decoupling capacitors 
mounted beneath the chip carriers. The onboard 

capacitors eliminate the need for bypassing on 
the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 

TM425_FC1 has a density of ten devices per square inch (approximately 4X the density of DIPs). With 

the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 

holes, a cost savings can be realized. 

The TM425_FC1 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
as low as 225 mW typical operating and 50 mW typical standby. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data in 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TM425_FC1 is rated for operation from 0°C to 70 °C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

5-182 

operation 

address (AO through A8) 

Eighteen address bits are required to decode 1 of 262,144 storage cell locations on each of the four chips. 
Nine row-.1(•:.ess bits are set up on pins AO through A8 and latched onto the chip by the row-address 

strobes (R•-RAS4). Then the nine column-address bits are set up on pins AO through A8 and latched 

onto the chip by the column-address strobe. All addresses must be stable on or before the falling edges 
of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the 

row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a 1.1:1 up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to t-;•,:.", the data outs will remain in the high-impedance state for the entire cycle 

permitting common I/O operation. 

data in ID) 

Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data 

latches. These latches can be driven from standard TTL circuits without a pull-up resistor. In the early 
write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times 

referenced to this signal. 

data out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 

(floating) state until CAS is brought low. In a read cycle the output goes active after the access 
time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is •..1 ;fled. 

The output becomes valid after the access time has elapsed and remains valid while CAS is low: •••• ; going 

high returns it to a high-impedance state. In the early write cycle, the output is always in the high-impedance 
state. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

All four devices may be refreshed together by enabling RAS1-RAS4 simultaneously. 

CAS-before-RAS refresh 

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tuRL) and 
holding it low after RAS falls (see parameter tRLCHRi•  For successive CAS-before-RAS refresh cycles, 

CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 

generated internally. 

hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 

holding CAS at VII_ after a read operation and cycling RAS after a specified precharge period, similar to 

a "RAS-only" refresh cycle. The external address is also ignored during the hidden refresh cycles. 

TEXAS 
INSTRUMENTS 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

page mode (TM4256FC1) 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. 

nibble mode (TM4257FC1) 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 

data. The first bit is accessed in the normal manner with read data coming out at t a lc) time. The next 

sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 

determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 

Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 

sequence: 

i 	il• (0,0) ► (0,1) 	 (1,0) 	 (1,1) 	  i  
In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 

any desired combination. 

power up 

To achieve proper operation, an initial pause of 200 ps is required after power up followed by a minimum 

of eight initialization cycles. 

single-in-line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
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logic symbol t 

(10) 
AO 

Al 

(16) 
 

A2 
(15)  

151 
A3 

(18) 
A4 

(201 
A5 

(6) 
A6  	

(11) 
A7 

(12) 
A8 

C—Ag 
w  (81 

(7) 

RAS1 

RAS2 
R0s3  

RAS4 

RAM 1024Kx1 
230 

Z31 

Z32 

Z33 

Z34 

Z35 

Z36 

Z37 

Z38 

Z40 

Z41 

Z42 
'I 

30^ 2009/21D0 

31 — 

32 — 

33 — 
0 

34 — A 
262,143 

35 — 

36 .- 

37 — 

38 — 20017/2108 

39.9. C20)ROWI 

Z39 39.— G23/[REFRESH ROW] 

n- 24 [PWR DWNI 

40->. C21 (COL( 

473— G24 

40—  & 
23C22 

41- 

41-23,21D  24EN 

42—A 22D 	 AV 
(4)   

5-184 

tThis symbol is in accordance with ANSI/IEEE S d 91-1984 and IEC Publication 617-12. 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

functional block diagram 

AO 
(101 

 

11 Al 
Al 

A2 

A3 

A4 
AS 

AS- 

11 1 

' 

0, 

RAS2 

RAS3 	I  

—RAS4 	(19)  

121 
VDD • =4  

VDD 
1 ■ 

VSS 

VSS 	-  

9 
	256Kx1 

• /  AO A8 
ti RAS 
es, CAS 

VD

• 

D VSS 

	(4) 

I 	I 
9 
	256Kx1 

AO-A8 
RAS 

CAS 

VDD

• 

 VSS 

1 
9 	256Kx1 

• /  AO A8 

PN. RAS 

CAS 
ti  w  

VDD

• 

 VSS 

I 	1 
9 

ti  

C1 . 	C 

a 	(7)  
• 

19) 

4) 

• 	

256Kx1 
AO A8 
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D 0 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 

Voltage range on VDD supply and data out with respect to VSS 	  —1 V to 7 V 
Short circuit output current for any output 	  50 mA 

Power dissipation 	  4 W 
Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  — 65 °C to 150 °C 

*Stresses beyond thoie listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 

Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss• 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) — 1 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only. 

electrical characteristics over fu I ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425 _FC1- 12 TM425_FC 1- 15 
UNIT 

MIN TYP t MAX MIN TYP t MAX 

VOH High-level output voltage loH = — 5 mA 2.4 VDD 2.4 VDD V 

VOL Low-level output voltage IOL = 4.2 mA 0 0.4 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V. VDD = 5 V, 

All other pins = 0 V 
t 10 t 10 AA 

10 Output current (leakage) 
V0= 0.4 V to 5.5 V, 

vDD = 5 V, U-Kg high 
t 10 t 10 AA 

1 001 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

Output open* 
65 78 55 68 mA 

1DD2 Standby current 

After 1 memory cycle, 

RAS and CAS high, 

Output open 

10 18 10 18 mA 

1 003 Average refresh current 

tc  = minimum cycle, 

rA- -g high and RAS cycling, 

Output open 

180 240 160 212 mA 

1004 Average page-mode current 

tc (p) = minimum cycle, 

RAS low and CAS cycling, 

Output opent 

35 48 30 43 mA 

1 005 
Average nibble-mode 

current 

• 	.. = minimum cycle, 
 

. 	ow and CAS cycling, 

Output opent 

32 44 27 39 mA 

*All typical values are at TA = 25°C and nominal supply voltages. 
*Assuming standard operation of one device access. 

TEXAS 
INSTRUMENTS 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

electrical characteristics over fu I ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425 _FC 1-20 
UNIT 

MIN TYP 1" MAX 

VOH High-level output voltage 1 0H = -5 mA 2.4 VDD V 

VOL Low-level output voltage IOL = 4.2 mA 0 0.4 V 

li Input current (leakage) 
V1 = 0 V to 6.5 V, VDD = 5 V, 

All other pins = 0 V 
±10 fEA 

10 Output current (leakage) 
VD = 0.4 V to 5.5 V 

VDD = 5 V, rt7g, 	high 
±10 ILA 

1001 
Average operating current 
during read or write cycle 

tc  = minimum cycle, 

Output opent 
45 58 mA 

1002 Standby current  

After 1 memory cycle, 

and TA-g high, 

Output open 

10 18 mA 

1003 Average refresh current 

tc  = minimum cycle, 

t-A-g high and ITAg cycling, 

Output open  

140 192 mA 

1004 Average page-mode current 

top) = minimum cycle, 

R-A-g, 	low and U.:A cycling, 

Output opent 

25 35 mA 

IDD5 
Average nibble-mode 

current 

tc(N) = minimum cycle, 

RAS low and -C-A-g cycling, 

Output opent 

22 32 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 
t Assuming standard operation of one device access. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

CilA) Input capacitance, address inputs 28 pF 

Co) Input capacitance, 	. i 	inputs 28 pF 

Ci(RAS) Input capacitance, .-!." inputs 8 pF 

Ci(w) Input capacitance, W input 32 pF 

CIICAS) Input capacitance, CAS input 32 pF 

C 0 101 Output capacitance, data output 40 pF 

CciVDD) Decoupling capacitance 0.4 AF 

TEXAS 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425 _FC 1-12 TM425 _FC1-15 
UNIT 

MIN 	MAX MIN 	MAX 

ta(C) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 60 75 ns 

ta1F0 	Access time from FIAT 
=-- tRLCL 	MAX, 

Load = 2 Series 74 TTL gates 
tRAC 120 150 ns 

Output disable time 
tdis1C1-11 

after TA—g high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	30 0 	30 ns 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425_FC1-20 
UNIT  

MIN 	MAX 

talCi 	Access time from TA—g 
CL = 100 pF, 

Load = 2 	• •s 74 TTL gates 
tCAC 100 ns 

talR) 	Access time from WA g 
tRLCL '---" ' 
Load = 2 Series 74 TTL gates 

tRAC 200 ns 

Output disable time 
tdisICRI 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 ns 

4 
5- 1 88 	
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 
SYMBOL 

TM 425 
— MIN 

_FC 1-12 
UNIT 

MAX 

tc (p) Page-mode cycle time (read or write cycle) tpc I, ns 

tc (pm) Page-mode cycle time (read-modify-write cycle) tpcm 165 _ ns 

tc(rd) Read cycle timet tliC 230 ns 

tc(W) Write cycle time tWC 230 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 275 ns 

tw(CHIP Pulse duration, TAT high (page model tcp 50 ns 

tw(CH) Pulse duration, CAS high (non-page mode) tCPN 25 ns 

tw(CL) Pulse duration, TA'S low* tCAS 60 10,000 ns 

twIRH) Pulse duration, 	high tpp 100 ns 

tw(RL) Pulse duration, WAS lows tRAS 120 10,000 ns 

tw (w) Write pulse duration twp 40 ns 

tt Transition times (rise and fall) for TA-g and rKg tT 3 50 ns 

tsuICA) Column-address setup time tASC 0 ns 

tsulRAl Row-address setup time tASR 0 ns 

tsu(D) Data setup time tDS 0 ns 

tsuird) Read-command setup time tRCS 0 ns 

tsu(WCL) 
Early write-command setup time 

before CAS low 
tWCS 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 40 ns 

tsu (WpH) Write-command setup time before 13AS high tRWL 40 ns 

th(CLCA) Column-address hold time after TA'S low tCAH 20 ns 

th(RA) Row-address hold time tRAH 15 ns 

th(RLCA) Column-address hold time after ITA-g low tAR 80 ns 

th(CLD) Data hold time after CAS low tDH 35 ns 

th(RLD) Data hold time after A-Kg low tDHR 95 ns 

th(WLD) Data hold time after W low tDH 35 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 ns 

th(RHrd) Read-command hold time after SAS high tRRH 10 ns 

th(CLW) Write-command hold time after CAS low tWCH 35 ns 

th(RLW) Write-command hold time after RAS low tWCR 95 ns 

Continued next page. 
NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 

tAll cycle times assume tt = 5 ns. 
*In a read-modify-write cycle, tCLWL  and tsu (wcH) must be observed. Depending on the user's transition times, this may require additional 

CAS low time tw (cL))• This applies to page-mode read-modify-write also. 

1 1n a read-modify-write cycle, tRLWL  and tsu (wpH) must be observed. Depending on the user's transition times, this may require additional 

A-Kg low time (tw gio). 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 

ALT. 

SYMBOL 

TM42R _FC:1 -12 

P.,1:. 	ma .
— UNIT 

tRLCI-1 Delay time, WAS low to CAS high tCSH 1 2v ns 

tCHRL Delay time, Z-A-S high to AKg low tCRP 0 ns 

tCLRH Delay time, rn low to N-As high tRSH 60 ns 

tRLCHR Delay time, ge—,S low to CAS high .' tCHR 25 ns 

tCLRL Delay time, rAS low to RAS lowl tCSR 25 ns 

tRHCL Delay time, RAS high to CAS low, tRpC 20 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 60 ns 

tRLCL 

Delay time, RAg low to,1.3 low 

(maximum value specified only 

to guarantee access time) 

IRCD 30 60 ns 

tRLWL 
Delay time, FTA-g low to W low 

freed-modify-write cycle only) 
tRWD 120 ns 

trf Refresh time interval tREF 4 ms 

Continued next page. 
NOTE 3: Timing measurements are referenced to VI max and ViH min. 

it-Kg-before-1M refresh only. 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 

ALT. 

SYMBOL 

TM425_FC1-16 TM42c_FC1-20 
UNIT 

MIN MAX MIN MAX 

tc(P) Page-mode cycle time (read or write cycle) tpc 145 ns 

te (pm) Page-mode cycle time (read-modify-write cycle) tpcM 190 245 ns 

tc(rd) Read cycle timet tRC 260 330 ns 

tc(W) Write cycle time tWC 260 330 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 305 370 ns 

tw(CH)P Pulse duration, ZAs high (page model 1CP 60 80 ns 

tw(CH) Pulse duration, CAS high (non-page model tCpN 25 30 ns 

tw(CL) Pulse duration, CAS lowt tCAS 75 10,000 100 10,000 ns 

tw(RH) Pulse duration, ;Mg high tRP 100 120 ns 

tw(RL) Pulse duration, WKS lows tRAS 150 10,000 200 10,000 ns 

tw(W) Write pulse duration twp 45 55 ns 

tt Transition times (rise and fall) for WA—g and ras tT 3 50 3 50 ns 

tsu(CA) Column-address setup time tASC 0 0 ns 

tsu(RA) Row-address setup time tASR 0 0 ns 

tsu(D) Data setup time tDS 0 0 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 

before CAS low 
tWCS 0 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 45 80 ns 

tsu(WRH) Write-command setup time before RA's high tRWL 45 60 ns 

th(CLCA) Column-address hold time after CAS low tCAH 25 30 ns 

th(RA) Row-address hold time tRAH 15 20 ns 

th(FILCA) Column-address hold time after RAg low tAR 100 130 ns 

thICLD) Data hold time after CAS low tDH 45 55 ns 

th(RLD) Data hold time after Mg low tDHR 120 155 ns 

th(WLD) Data hold time after W low tDH 45 55 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 0 ns 

th(RHrd) Read-command hold time after RA-1; high tRRH 10 15 ns 

th(CLW) Write-command hold time after CAS low tWCH 45 55 ns 

th(RLW) Write-command hold time after WA 	low tWCR 120 155 ns 

Continued next page 

NOTE 3: Timing measurements are referenced to V11 max and VIH min. 
tAll cycle times assume tt = 5 ns. 

tin a read-modify-write cycle, tCLWL and tsu(WCH) must be observed. Depending on the user's transition times, this may require additional 
CAg low time tw(CL((. This applies to page-mode read-modify-write also. 

Sin a read-modify-write cycle, tRLWL and tsu(WRH) must be observed. Depending on the user's transition times, this may require additional 
RA?; low time (tw (R0)• 
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TM4256FC1, TM4257FC1 
1,048,575 BY 1-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 
concluded) 

ALT. 

SYMBOL 

TM425_FC1-15 TM425_FC1-20 
UNIT 

MIN MAX MIN MAX 

tRLCH Delay time, NTS low to TA-S high tCSH 150 200 ns 

tCHRL Delay time, CAS high to WAS low tCRP 0 0 ns 

tCLRH Delay time, CAS low to US high tRSH 75 100 ns 

tRLCHR Delay time, 11-AT low to CAS highl tCHR 30 35 ns 

tCLRL Delay time, CAS low to A-Kg low1 tCSR 30 35 ns 

tRHCL Delay time, 11-A7 high to CAS lowl tRPC 20 25 ns 

tCLWL 
Delay time, CAS low to W low 

(read-modify-write cycle only) 
tCWD 70 90 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 

tRCD 30 75 30 100 ns 

tRLWL 
Delay time, RAS low to W low 

(read-modify-write cycle only) 
tRWD 145 190 ns 

trf Refresh time interval tREF 4 4 ms 

NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 

ISAS-before-lam 	refresh only. 

NIBBLE-MODE CYCLE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER 
ALT. 

SYMBOL 

TM4257FC1-12 TM42c7FC1-15 TM4257FC1-20 
UNIT 

MIN 	MAX MIN MAX MIN MAX 

ta(CNI Nibble-mode access time from rkg tNCAC 30 40 50 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

IM4257M1-12 

rem 	vi... 
7M47R7FC1-15 TM4257FC1-20 

UNIT 
ME. 	MAX MIN 	MAX 

to(N) 	Nibble-mode cycle time tNC u,./ /6 90 

ns 

tc(rdWN) 	Nibble-mode read-modify-write cycle time tNRMW 85 105 130 

tCLRHN 	Nibble-mode delay time, 	low to WKS high tNRSH 30 40 50 

tCLWLN 	Nibble-mode delay time, S-ATS to W delay tNCWD 25 30 40 

tw(CLN) 	Nibble-mode pulse duration, CAS low tNCAS 30 40 50 

tw(CHN) 	Nibble-mode pulse duration, 	high tNCP 20 25 30 

Nibble-mode read-modify-write pulse 
tw(CRWN) 

duration, CAS low 
tNCRW 55  70 90 

Nibble-mode write command setup 

tsu(WCHN) time before CAS high 
tNCWL 25 35 45 

Ito 
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read cycle timing 
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VIH 

VIL 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

OUTPUT 

UNDER 

TEST 

  

RL = 220 0 

   

i
CL = 100 pF 

FIGURE 1. LOAD CIRCUIT 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

early write cycle timing 

RAS1-RAS4 
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10— th(WLDI 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

write cycle timing 

RAS1-RAS4 

CAS 

tc(W) 

twIRLI 

r—tt 

tRLCL 	

— 	

Ltw(em-401 

1 	 teLcH 

wt (cciR)H —___61711  r 
tCHRL --°1 14---  

1 
tsu(RA)10-0 I 	tsu(CA) 

thIRLCA) 

1 th(RA)-0-01I L 	thICLCA) 

DON1 e.ARL 	" ' 

1.1)--- thIRLWI-01 I 

I 	1•-- tsu(WCH)--01 II 
I 10-- tsull/VRHI —.1 

th(CLW)-1 
	e 

r CARL 
 .. 1...r. r C A;,.I ..V.V......... ........ 

I II 

I 111-- twICI-)---61 

—.4 	it  

tThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (t a lc)) in a read cycle; but the active levels at 

the output are invalid. 

TFxas 
INs-i Rum ENTS 
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TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

read-write/read-modify-write cycle timing 
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TM4256FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULE 

page-mode read cycle timing 
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TM4256FC1 
L048,576 BY 1-BIT DYNAMIC RAM MODULE 

page-mode read-modify-write cycle timing 
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TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULE 

nibble-mode read cycle timing 
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RAS-only refresh cycle timing 
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1,048,576 BY 1-BIT DYNAMIC RAM MODULES 

automatic (CAS-before-RAS) refresh cycle timing 
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(55,9 x 11,4 mm) 
(2.2 x 0.45 inches( 

Max Access 
–12 120 ns 
–15 150 ns 

–20 200 ns 

L 0°C to 70°C 
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ADVANCE 
INFORMATION 

• 

• 

262,144 X 8 Organization 

Single 5-V Supply (10% Tolerance) 

TM425_FL8 

• 30-Pin Single-in-Line Package (SIP) (1 
—Pinned Module for Through-Hole Insertion 121 

(TM425_FL8) DQ1 (31 
—Leadless Module for Use with Sockets AO (41 

(TM425_GU8) Al (51 

• Utilizes Eight 256K Dynamic RAMs in 
Plastic Chip Carrier 

DVAQASS322 11897611)1 
• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
DQ3 (1 0) 

Compatible 
A4 (111 
A5 112) 

• 3-State Outputs DQ4 (13) 

• Performance Ranges: 
A6 (14) 
A7 (151 

ACCESS 	ACCESS 	READ DQ5 (16) 
TIME 	TIME 	OR A8 (17) 
ROW 	COLUMN 	WRITE 

ADDRESS 	ADDRESS 	CYCLE 
NC (181 

(MAX) 	IMAX) 	(MINI NC (19) 

TM425___8-12 	120 ns 	60 ns 	230 ns DQ6 (20)  
TM 425_ _8-15 	150 ns 	75 ns 	260 ns W (21)  
TM425___8-20 	200 ns 	100 ns 	330 ns 

• DQ7 7 122 32 )1  Common CAS Control for Eight Common 
Data-In and Data-Out Lines NC 124) 

DQ8 (251 
• Low Power Dissipation NC (261 

• Operating Free-Air Temperature . . . 0°C to RAS 127) 

70 °C NC (281 
NC 129) 

• Downward Compatible with 64K X 8 SIP VDD (301 
ITM4164FL8, TM4164FM81 

L SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 
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PIN NOMENCLATURE 

TM425_FL8 

AO-A8 

CAS 

D01-008 

NC 

RAS 

VDD 

VSS 

w 

Address Inputs 

Column-Address Strobe 

Data In/Data Out 

No Connection 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

OCTOBER 1985 — REVISED NOVEMBER 1985 

description 

The TM425___8 series are 2048K, dynamic 
random-access memory modules organized as 

262,144 x 8 bits in a 30-pin single-in-line 

package comprising eight TMS425_FML, 

262,144 x 1 bit dynamic RAM's in 18-lead 

plastic chip carriers mounted on top of a 
substrate together with decoupling capacitors 
mounted beneath the chip carriers. The onboard 
capacitors eliminate the need for bypassing on 

the motherboard and offer superior performance 

over equivalent leaded capacitors due to reduced 
lead inductance. Also, with 0.3 inch board 
spacing the TM425___8 has a density of ten 
devices per square inch (approximately 4X the 

density of DIPs). With the elimination of bypass 
capacitors on the motherboard, reduced PC 

11.* INFORM:0mb documents contain 
sle•ale s no new e• ids. !1 in the sampling or 

n•erveluc•ri• I nese al doesLipment. Characteristic 
ton or Wes specifications are subject to change TExAS 

INSTRUMENTS 

Copyright © 1985, Texas Instruments Incorporated 
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PIN NOMENCLATURE 

TM425_GU8 

AO-A8 	 Address Inputs 

CAS 	 Column-Address Strobe 

DQ1-DQ8 	Data In/Data Out 

NC 	 No Connection 

Pri6 	 Presence Detect (VSS) 

• RAS 	 Row-Address Strobe 

VDD 	 5-V Supply 

VSS 	 Ground 

W 	 Write Enable 

TM425_GU8 	U SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

VDD (1) 
(2) CAS 

DQ1 (31 2 
AO (4) 
Al (51 

DQ2 (61 
A2 (71 
A3 (81 

VSS 191  
DQ3 (101 

A4 (11) 2 
AS (12) D 

D04 (131 
A6 (141 2 
A7 1151 

DQ5 (161 
A8 117) 
NC (181 
NC (19) 2 

DQ6 (201 
W 1211 

DVSS7 (1 222 1 Q 3 
PRD (241 
DQ8 1251 2 

NC (261 
RAS (271 2 

NC (28) 
NC (291 

VDD (301 2 

I 

TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 
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board size, and fewer plated-through holes, a 
cost savings can be realized. 

The TM425___8 features RAS access times of 

120 ns, 150 ns, and 200 ns maximum. Power 

dissipation as low as 2200 mW typical operating 
and 100 mW typical standby for 200 ns devices. 

Refresh period is extended to 4 milliseconds, and 

during this period each of the 256 rows must be 

strobed with RAS in order to retain data. CAS 
can remain high during the refresh sequence to 

conserve power. 

All inputs and outputs, including clocks, are 

compatible with Series 74 TTL. All address lines 
and data in are latched on chip to simplify system 

design. Data out is unlatched to allow greater 
system flexibility. 

The TM425___8 is rated for operation from 0 °C 
to 70 °C. 

presence detect 

This feature is included on the TM425_GU8 to 
allow for hardware p•• • ce detection of the 

memory module. The • , .1 Din for each module 

in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
module is present. When a module is present, 

PRD is a logic zero as this pin is connected to 

VSS on the module. PRD can only be used to 

detect a modules' presence, not its functionality. 
In a system not requiring presence detect, it is 

recommended that this pin be left as a no 

connect; this allows the use of either type of 
module without adverse effects. 

operation 

address (AO through A8) 

Eighteen address bits are required to decode 1 
of 262,144 storage cell locations on each of the 
eight chips. Nine row-address bits are set up on 
pins AO through A8 and latched onto the chip 

by the row-address strobe (RAS). Then the nine 

column-address bits are set up on pins AO 
through AS and latched onto the chip by the 
column-address strobes. All addresses must be 
stable on or before the falling edges of RAS and 

CAS. RAS is similar to a chip enable in that it 
activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating 

the column decoder and the input and output 
buffers for Ml-M8. 

5-206 TEXAS 
INSTRUMENTS 
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TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

write enable (WI 

The read or write mode is selected through the write-enable (WI input. A logic high on the W input selects 

the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 

TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 

common I/O feature of the TM42r __8 dictates the use of early write cycles to prevent contention on 

DQ. When W goes low prior to UAL., the data outs will remain in the high-impedance state for the entire 

cycle permitting common I/O operation. 

data in (DQ1-DQ8) 

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 

W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 

to this signal. 

data out (DQ1-DQ8) 

The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 

are in the high-impedance (floating) state until CAS is brought low. In a read .• le the outputs go active after 

the access time interval talc)  that begins with the negative transition of ( ••• as long as t a (R) is satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS is low: CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high-

impedance state, a necessity due to the common I/O feature of the TM425____8. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

CAS-before-RAS refresh 

The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tuft) and 

holding it low after RAS falls (see parameter tRLCHRI•  For successive CAS-before-RAS refresh cycles, 

CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 

generated internally. 

hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at VII_ after a read operation and cycling RAS after a specified precharge period, similar to 

a "RAS-only" refresh cycle. The external address is also ignored during the hidden refresh cycles. 

page-mode (TM4256__8) 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 

row addresses for the same page is eliminated. 
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nibble mode (TM4257__8) 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 

data. The first bit is accessed in the normal manner with read data coming out at talc)  time. The next 

sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 

determined by the row and column addresses, which need to be supplied only for the first access. Column 

A8 and row AS (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 

sequence: 

1--■10,0) 	 0,11 

  

(1,0) 	 (1,1)--1 

  

  

In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 

any desired combination. 

power up 

To achieve proper operation, an initial pause of 200 As is required after power up followed by a minimum 

of eight initialization cycles. 

single -in - line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 

logic symbolt 

31 
DQ1 (  

IR1 

DC/2  

DQ3 	 

004 

DQ5 

006 

DQ7 22.  .11-o- 

D Q8 

   

A,22D A,Z31 — 
31 

  

   

   

   

   

   

   

   

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 
Voltage range on VDD supply and data out with respect to VSS 	  — 1 V to 7 V 
Short circuit output current for any output 	  50 mA 

Power dissipation 	  8 W 

Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

t Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 

device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 2.4 6.5 V 

VIL Low-level input voltage (see Note 2) -1 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425___8-12 TM425_8-15 
UNIT 

MIN TYPI.  MAX MIN TYPI MAX 

VOH High-level output voltage 10H = -5 mA 2.4 VDD 2.4 VDD V 

VOL Low-level output voltage I0L = 4.2 mA 0 0.4 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V, VDD = 5V, 

All other pins = 0 V 
± 10 ± 10 ILA 

10 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V,o-M high 
±10 ±10 pA 

+ 
1 001' 

Average operating current 

during read or write cycle 

t, = minimum cycle, 

All outputs open 
520 624 440 544 mA 

IDD2t Standby current 

After 1 memory cycle, 

RAS and Zol-T high, 

All outputs open 

20 36 20 36 mA 

IDD3t Average refresh current 

tc  = minimum cycle, 

CAS high and RAS cycling, 

All outputs open 

360 480 320 424 mA 

lDD4t Average page-mode current 

tos) = minimum cycle, 

low and TAT cycling, 

All outputs open 

280 384 240 344 mA 

1 005
#  Average nibble-mode 

current 

tc(N) = minimum cycle, 

Firg, 	low and CAS cycling, 

All outputs open 

256 352 216 312 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 
tIDDi-IDDs are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode, nibble model. 
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TM4256FL8, TM4256GU8, TM4257FLB, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

electrical characteristics over fu I ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER 
TEST 

CONDITIONS 

TM425___8-20 
UNIT 

MIN TYP t MAX 

VOH High-level output voltage loti = —5 mA 2.4 V00 V 

VOL Low-level output voltage 1 0L = 4.2 mA 0 0.4 V 

II Input current (leakage) 
Vi = 0 V to 6.5 V, VDD = 5 V, 

All other pins = 0 V 
± 10 iA 

10 Output current (leakage) 
Vo = 0.4 V to 5.5 V, 

VDD = 5 V, CZ high 
±10 pA, 

I 	
. 

DD1' 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
360 464 mA 

1002 Standby current 

After 1 memory cycle, 

11Kg and CAS high, 

All outputs open 

20 36 mA 

IDD3 Average refresh current 

tc  = minimum cycle, 

Z—A—g high and fWg cycling, 

All outputs open 

280 384 mA 

IDD4 t  Average page-mode current  

tc (p) = minimum cycle, 

low and rA' cycling, 

All outputs open 

200 280 mA 

'DOS 
Average nibble-mode 

current 

tc(N) = minimum cycle, 

RAS low and CAS cycling, 

All outputs open 

176 256 mA 

t All typical values are at TA = 25°C and nominal supply voltages. 

* I DD1 -IDD5 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode, nibble model. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

Cm) Input capacitance, address inputs RR pF 

Ci(DD) Input capacitance, data inputs I br. pF 

ClIRAS) Input capacitance, 	input o4 pF 

Ci(w) Input capacitance, W input 64 pF 

Ci(CAS) Input capacitance, CA-g input 64 pF 

Co(VDD) Decoupling capacitance 0.8 sF 

Additional information on these products can be obtained from the factory as It becomes available. 

TEXAS 
INSTRUMENTS 

4 
5-21 1 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 



5 

sa
in

p
o
o

l  
vg

vu
  o

p.
u

e
u

A
a  

TM4256FL6, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 13-BIT DYNAMIC RAM MODULES 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425___8-12 TM425__8-15 
UNIT 

MIN 	MAX MIN 	MAX 

ta(C) 	Access time from t—Kg 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
 tCAC 60 75 ns 

ta lRl 	Access time from RAS 
tRLCL = MAX, 
Load = 2 Series 74 TTL gates 

 tRAC 120 150 ns 

Output disable time 
tdis(CH) 

after TAT high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 0 	35 ns 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM425___8-20 
UNIT  

MIN 	MAX 

talC) 	Access time from rAg 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
1CAC 100 ns 

ta)R) 	Access time from F174§ 
tRLCL = MAX, 

Load = 2 Series 74 TTL gates 
tRAC 200 ns 

Output disable time 
tdis(CH) 

after CAS high 

CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tOFF 0 	35 ns 

5-212 
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ALT. 

SYMBOL 

TM425___8-12 
UNIT 

MIN MAX 

tc(P) Page-mode cycle time (read or write cycle) tPC 120 ns 

tc(rd) Read cycle timer tRC 230 ns 

tc(W) Write cycle time tWC 230 ns 

tw(CHIP Pulse duration, CAS high (page mode) tCP 50 ns 

tw(CH) Pulse duration, ZAP high (non-page mode) tCPN 25 ns 

tw(CL) Pulse duration, rA-g low tCAS 60 10,000 ns 

tw(RH) Pulse duration, WKS high (precharge time) tRp 100 ns 

tw(RL) Pulse duration, RTg low tRAS 120 10,000 ns 

two) Write pulse duration twp 40 ns 

tt Transition times (rise and fall) for 11A$ and ZAS tT 3 50 ns 

tsu(CA) Column-address setup time tASC 0 ns 

tsu(RA) Row-address setup time tASR 0 ns 

tsu(D) Data setup time tDS 0 ns 

tsu(rd) Read-command setup time tRCS 0 ns 

tsu)WCLI 
Early write-command setup time 

before 5-1:g low 
tWCS 0 ns 

tsu(WCH) Write-command setup time before CAS high tCWL 40 ns 

tsu(WRI-1) Write-command setup time before RA 	high tRWL 40 ns 

th(CLCA) Column-address hold time after rgg low tCAH 20 ns 

th(RA) Row-address hold time tRAH 15 ns 

th(RLCA) Column-address hold time after Fl,., 	low tAR 80 ns 

th)CLD) Data hold time after Cig■ 	low tDH 35 ns 

th)RLD) Data hold time after WIZ low tDHR 95 ns 

thlCHrd) Read-command hold time after TA-g high tRCH 0 ns 

th(RHrd) Read-command hold time after FTAg high tRRH 10 ns 

th)CLW) Write-command hold time after TA-g low tWCH 35 ns 

th(RLW) Write-command hold time after PIPZ low tWCR 95 ns 

tRLCH Delay time, 	low to CAS high tCSH 120 ns 

tCHRL Delay time, t"-A-  high to 17a7  low tCRP 0 ns 

tCLRH Delay time, CAS low toi-lAs nigh tRSH 60 ns 

tRLCHR Delay time, 	low to CAS high* tCHR 25 ns 

tCLRL Delay time, Drg low to Ilt, 	lowt tCSR 25 ns 

tRHCL Delay time, 	high to 	- 	lowt tRPC 20 ns 

tRLCL 

Delay time, •E 	ow to 7" 	ow 

(maximum value specified only 

to guarantee access time) 
tRCD 30 60 ns 

t rf Refresh time interval tREF 4 ms 
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TM4256FL8, TM4256GU8, TM4257FLB, TM4257GU8 
262,144 BY 11•BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

NOTE 3: Timing measurements are referenced to VIL max and Voi min. 
tAll cycle times assume tt = 5 ns. 
VrA-g-before-Wg refresh only. 
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5-214 

TM4256FL8, TM4256GUB, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM425__ FI-1 R TM425___8-20 
UNIT 

MIN &IAA MIN MAX 

tem Page-mode cycle time (read or write cycle) tPC 145 190 ns 

tc(rd) Read cycle time t tRC 260 330 ns 

tc(W) Write cycle time tWC 260 330 ns 

tw)CH)p Pulse duration, r/Vg high (page mode) tcp 60 80 ns 

twICH) Pulse duration, CAS high (non-page mode) tCPN 25 30 ns 

tw(CL) Pulse duration, "tA7 low tcAS 75 10,000 100 10,000 ns 

tw(RH) Pulse duration, RAg high (precharge time) tRp 100 120 ns 

twIRL) Pulse duration, RA 	low  tRAs 150 10,000 200 10,000 ns 

tw(W) Write pulse duration twp 45 55 ns 

tf Transition times (rise and fall) for RAS and CAS t-r. 3 50 3 50 ns 

tsuICA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsu(D) Data setup time tDS 0 0 ns 

tsu(rd) Read-command setup time tRCS 0 0 ns 

tsu(WCL) 
Early write-command setup time 

before TAM low tWCS 0 0 ns 

tsu(WCH) Write-command setup time before r -A-g high tCWL 45 60 ns 

tsu(WRH) Write-command setup time before RA 	high tRWL 45 60 nu 

th(CLCAI Column-address hold time after t-Ag low tCAH 25 30 ns 

th)RA) Row-address hold time tRAH 15 20 ns 

th(RLCA) Column-address hold time after, lio, 	low tAR 100 130 ns 

th(CLD) Data hold time after rA-g low tDH 45 55 ns 

thIRLD) Data hold time after giTg low tDHR 120 155 ns 

th(CHrdl Read-command hold time after rirg high tRCH 0 0 ns 

th(RHrd) Read-command hold time after RAS high tRRH 10 15 ns 

th(CLW) Write-command hold time after CAS low tWCH 45 55 ns 

th)RLW) Write-command hold time after RAg low tWCR 120 155 ns 

tRLCH Delay time, FT-Ag low to CAT high tCSH 150 200 ns 

tCHRL Delay time, CAS high to Rte` low tCRP 0 0 ns 

tCLRH Delay time, Z.-Kg low to RAg high tRSH 75 100 ns 

tRLCHR Delay time, WATg low to TA-g high s tCHR 30 35 ns 

tCLRL Delay time, ritVg low to TO low t tCSR 30 35 ns 

tRHCL Delay time, FTAg high to CAS lowt tRPC 20 25 ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only 

to guarantee access time) 
tRCD 30 75 30 100 ns 

trf Refresh time interval tREF 4 4 ms 

NOTE 3: Timing measurements are referenced to VII_ max and VIH min. 
t All cycle times assume tf = 5 ns. 
A$-before-RAS refresh only. 
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TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

NIBBLE-MODE CYCLE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER 
ALT. 

SYMBOL 

TM4257__8-12 TM4257__8-15 TM4257__8-20 
UNIT 

MIN MAX MIN MAX MIN MAX 

ta(CN) Nibble-mode access time from tNCAC 30 40 50 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM42578-12 __ TM42578-15 __ TM42578-20 __ 
UNIT 

MIN 	MAX MIN 	MAX MIN 	MAX 

tc(N) 	Nibble-mode cycle time tNC 60 75 90 

ns 

tCLRHN 	Nibble-mode delay time, TA-S low to IW high tNRSH 30 40 50 

tCLWLN 	Nibble-mode delay time, CFS% 	to W delay tNCWD 25 30 40 

tw(CLN) 	Nibble-mode pulse duration, TA-$ low tNCAS 30 40 50 

twICHNI 	Nibble-mode pulse duration, Z7CS high tNCP 20 25 30 

Nibble-mode write command setup 
tsuIWCHN) time me before CAS high 

tNCWL 25 35 45 
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TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8•BIT DYNAMIC RAM MODULES 

PARAMETER MEASUREMENT INFORMATION 

1.31 V 

L - 2204 

L = 100 pF 

FIGURE 1. LOAD CIRCUIT 

read cycle timing 
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TM4256FL8, TM4256GU8, TM4257FL8, TM4257GUB 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

early write cycle timing 
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TM4256FL8, TM4256GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

page-mode read cycle timing 
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page-mode write cycle timing 
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TM4257FIL8, TM4257GUI1 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

nibble-mode read cycle timing 
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nibble-mode write cycle timing 
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hidden refresh cycle timing 
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automatic (CAS-before-kA) refresh cycle timing 
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TI single-in-line package nomenclature t 

TM 

TI 

MODULE 

4256 

MEMORY 

DEVICE 

PINOUT 

CONFIGURATIO 

BOARD 

DIMENSIONS 

WORD WIDTH 

OUTPUT 

-15 

SPEED 

Max Access 

- 12 120 ns 

- 15 150 ns 

- 20 200 ns 

TEMPERATURE 

RANGE 

L 0°C to 70°C F Version 	L Package 

Pin 24-No Connect (76.2 x 16,5 mm) 

G Version 	(3.0 x 0.65 inches) 

Pin 24-PRD 	U Package 

(88.9 x 16,5 mm) 

(3.5 x 0.85 inches) 

tThe F pinout configuration designator is used when specifying the L package; the G pinout configuration version designator is used when 
specifying the U package. 
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data and other specifications are subject to change 
without notice. 
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TM4256GP8, TM4256GV8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

ADVANCE 
INFORMATION 

OCTOBER 1985 — REVISED NOVEMBER 1985 

• 262,144 X 8 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 
—Pinned Module for Through-Hole 

Insertion (TM4256GV8) 
—Leadless Module for Use with 

Sockets (TM4256GP8) 

• Low Profile, Double-Side 

Mount ... 0.45" Height 

• Utilizes Eight 256K Dynamic RAMs in 
Plastic Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 

ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE-

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) (MIN) (MIN) 

	

TMS4256-12 120 ns 	60 ns 230 ns 270 ns 

	

TMS4256-15 150 ns 	75 ns 	260 ns 305 ns 

	

TMS4256-20 200 ns 	100 ns 330 ns 370 ns 

• Common CAS Control with Common 
Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature . . . 0°C to 
70 °C 

V SINGLE-IN-LINE PACKAGE I 

(TOP VIEW) 

VDD 

	

CAS (2) ' 	

	

DQ1 (3) 	

	

AO (4) 	 

Al 	(5) 

	

DQ2 (6) 	 
A2 	(7)' 	
A3 	(8)' 	

	

VSS (9) 	 

	

DQ3 (10) 	 

	

A4 (11) 	 

	

A5 (12) 	 

	

DQ4 (13) 	 
A6 (14) 
A7 (15) 

DQ5 (16) 

	

A8 (17)' 	

	

NC (18)' 	
NC (191 

DQ6 (20) 

	

W (21)' 	 

	

VSS (22) 	 

	

DQ7 123) 	

PRD (24) 
DQ8 125) 

	

NC (26)& 	

	

RAS (27) 	 

	

NC (28)' 	

	

NC 129) 	 

	

VDD (30)' 	 

—11M 

—4M• 

-11M 

• Upward Compatible with Planned 
1 Meg DRAM Family (Height 
and Length May Increase) 

tTM4256GV8 package is shown. 

PIN NOMENCLATURE 

description 

The TM4256G_8 series are 2048K, dynamic 

random-access memory modules organized as 

262,144 x 8 bits in a 30-pin single-in-line 
package comprising eight TMS4256FML, 
262,144 x 1 bit dynamic RAM's in 18-lead 
plastic chip carriers mounted on top of a 

substrate together with eight 0.2 AF decoupling 

capacitors. Each TMS4256FML is described in 
the data sheet and is fully electrically tested 
and processed according to TI's MIL-STD-883B (as amended for commercial applications) flows prior to 
assembly. After assembly onto the SIP, a further set of electrical tests is performed. The module is rated 

for operation from 0°C to 70°C. 

AO-AS 

CAS 

DQ1-DQ8 

NC 

PRD 

RAS 

VDD 

VSS 
VT/ 

Address Inputs 

Column-Address Strobe 

Data In/Data Out 

No Connection 

Presence Detect 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 
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181 

A3 — 	 
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A5 (12) 	 262,143 

A6 114)  
A7 115)  

(17)  
A8 	 20D17/21D8 

—k>. C20[ROW]

• 	
G23/[REFRESH ROW] 

RAS (27) , 	24[PWR DWN] 

—1=s> C21 [COL] 
G24 

> 23C22 
CAS (2) 	• 1."'" 

•	 • 9 

es,  

DQ1 1  DQ5 ,16 

2561(x1 

A0-A8 
RAS 

CAS 

w 

VDD

• 

 VSS 

256K,1 

AO A8 

RAS 

CAS 

w 
D 

VDD VSS 
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•	 
007 1231 

2561(x1 

AO A8 

RAS 

CAS 

w 

VDD
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 VSS 

9 • 3  
25810,1 

AO A8 

RAS 

CAS 

w 

	r 	113) 
008 1251 	 

2568,1 

A0-A8 

RAS 

CAS 
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D 

VDD VSS 

AA01 	 

A2 (71  
A3 18)  

A4 

AS 

A6 	 

	

A7 115) 	 

	

A8 117) 	 

I 	I 
2581011 

/ 	 A0-A8 

	 RAS 

	 CAS 
	 w 

D 

VDD VSS 

▪ a 	006 1201  

VDD VSSn 

-7. 7 ... 
Au-A,, 

RAS 

CAS 

w 

D 	C  QD VS ✓ SI-  

RAS 

CAS 

w 
D 

VDD VSS 
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DQ3 
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TM4256G138, TM4256GV8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

logic symbol t 	 functional block diagram 
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RAM 256Kx8 

( 
DQ1 3)  

( 
DQ2 (6) 	 
DQ3 (10)  

DQ4 (13)  

DQ5 (16)  

DQ6 (20)  
DQ7 (23)  

DQ8 (25)  

t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

11)  
VDD , 3011 	  
VDD 	 I

• 
'Cl ••• 	C8 

✓ (9) 	  SsSs (22, 	• 

✓ 1241 
PRO 	

 

A,22D 	 A,Z31 — 
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TM4256GP8, TM42566118 
262,144 BY 8-BIT DYNAMIC RAM MODULES 

operation 

The TM4256G_8 operates as eight TMS4256s connected as shown in the functional block diagram. Refer 
to the TMS4256 data sheet for details of its operation. The common I/O feature of the TM4256G_8 requires 

the use of early-write cycles to prevent contention on D and Q. 

presence detect 

This feature allows for hardware presence detection of the memory module. The PRD pin for each module 

in the system should be pulled high through a pull-up resistor, resulting in a logic one when no module 
is present. When a module is present, PRD is a logic zero as this pin is connected to VSS on the module. 

PRD can only be used to detect a modules' presence, not its functionality. In a system not requiring presence 
detect, it is recommended that this pin be left as a no connect; this allows the use of either type of module 
without adverse effects. 

specifications 

For TMS4256 electrical specifications, refer to the TMS4256 data sheet. The common I/O feature of the 

TM4256G_8 dictates the use of early-write cycles to prevent contention on D and Q. 

single-in-line package and components 

PC substrate: 0,79 mm 10.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 

TI single-in-line package nomenclature 

V Package 
(78,7 x 11,4 mm) 

(3.1 x 0.45 inches) 
P Package 

(88,9 x 11,4 mm) 
(3.5 x 0.45 inches) 

Max Access 
—12 120 ns 
—15 150 ns 
—20 200 ns 

L 0°C to 70°C 

TEXAS 	 5-227 
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A0-A8 

CAS, CAS9 

DQ1-DQ8 

D9 

NC 

151;15 

Q9 

RAS 

VDD 

VSS 
w 

Address Inputs 

Column-Address Strobes 

Data In/Data Out 

Data In 

No Connection 

Presence Detect 

Data Out 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 

tTM4256GV9 package is shown. 

VDD 
CAS 
DQ1 

AO 
Al 

DQ2 

A2 
A3 

VSS 
DQ3 

A4 
A5 

DQ4 
A6 
A7 

DQ5 
AS 
NC 
NC 

DQ6 
w 

VSS 
DQ7 

PRD 

DQ8 

Q9 
RAS 

CAS9 
D9 

VDD 

(1)  

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12)  
(13)  
(14) 
(15)  

)161m 
(17) 

118) 
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(20)  
(21)  
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TM4256GP9, TM4256GV9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

OC" 	1985 — REVISED NOVEMBER 1985 

INFORMATION 

11 
 ADVANCE 

• 262,144 X 9 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 
—Pinned Module for Through-Hole 

Insertion (TM4256GV9) 
—Leadless Module for Use with 

Sockets (TM4256GP9) 

• Low Profile, Double-Side 
Mount . . . 0.45" Height 

• Utilizes Nine 256K Dynamic RAMs in Plastic 

Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 

TMS4256-12 

TMS4256-15 
TMS4256-20 

ACCESS 
TIME 
ROW 

ADDRESS 

(MAX) 
120 ns 

150 ns 
200 ns 

ACCESS 

TIME 
COLUMN 
ADDRESS 

(MAXI 
60 ns 

75 ns 
100 ns 

READ 
OR 

WRITE 
CYCLE 

(MINI 

230 ns 
260 ns 
330 ns 

READ-
MODIFY-
WRITE 
CYCLE 

(MIN) 
270 ns 
305 ns 
370 ns 

• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature . . . 0°C to 
70°C 

• Upward Compatible with Planned 
1 Meg DRAM Family (Height and Length 
May Increase) 

description 

The TM4256G_9 series is a 2304K, dynamic 
random-access memory module organized as 
262,144 x 9 bits [bit nine (D9, Q9) is generally 

used for parity and is controlled by CAS9] in 

a 30-pin single-in-line package comprising nine 
TMS4256FML, 262,144 x 1 bit dynamic RAM's 

in 18-lead plastic chip carriers mounted on top 
of a substrate together with nine 0.2 /IF 
decoupling capacitors mounted beneath the chip carriers. Each TMS4256FML is described in the data sheet 

and is fully electrically tested and processed according to TI's MIL-STD-883B (as amended for commercial 

PIN NOMENCLATURE 

V SINGLE-IN-LINE PACKAGE t 

(TOP VIEW) 
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262,144 BY 9-BIT DYNAMIC RAM MODULES 
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applications) flows prior to assembly. After assembly onto the SIP, a further set of electrical tests is 

performed. The module is rated for operation from 0°C to 70°C. 

functional block diagram 

AO 

A2 

A3  
A4 

AS 

A6 

A7 
A8 

RAS 

CAS 

141 

12 81 

5)  

s: 

111) 

2) 
.. 4)  

- • 

127) 

001 

003 

004 

FAS9 

ss  

VDD 

VSS 

PRO 

1211 

(3)  

/ 

005 

AO 
256K,1 

A8 

VSS 

RAS 

n  I Q  

2581(1,1 
AO A8 / 

0  5 

r^. RAS 

I-,  CAS 

w 1•■• 
CAS 
w 

VDD r Di 

DQ8 (20)  

D  DD VSS 

AO 
256Kx1 

AR 

RAS 

CAS 

VDD.VSS 

Q 
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A0-A8 

RAS 
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r•-•  

P., CAS 

w 

D 

110 
423)  

D 

VDD VSS 

1 	I I 	I 
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A8 
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AO A8 

Q 
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AO 
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w 

1131 

9 
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D 
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• • .1 
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Au-Ab 
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ps. w w 
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DQ8 D 
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9 	25610/1 

A0-A8 
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•".". 

RAS 

129) 

CAS 
w 

D 	0 

VDD 	 

VSS 	 
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1301 
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TI single-in-line package nomenclature 

TM 

TI 
MODULE 

4256 

MEMORY 
DEVICE 

PINOUT 
CONFIGURATION 

BOARD 
DIMENSIONS 

TM4256GP9, TM4256GV9 
262,144 BY 9-BIT DYNAMIC RAM MODULES 

operation 

The TM4256G_9 operates as nine TMS4256s connected as shown in the functional block diagram. Refer 
to the TMS4256 data sheet for details of its operation. The common I/O feature of the TM4256G_9 dictates 

the use of early-write cycles to prevent contention on D and Q. 

specifications 

For TMS4256 electrical specifications, refer to the TMS4256 data sheet. The common I/O feature of the 

TM4256G_9 dictates the use of early-write cycles to prevent contention on D and Q. 

presence detect 

This feature allows for hardware presence detection of the memory module. The PRD pin for each module 
in the system should be pulled high through a pull-up resistor, resulting in a logic one when no module 
is present. When a module is present, PRD is a logic zero as this pin is connected to VSS on the module. 

PRD can only be used to detect a modules' presence, not its functionality. In a system not requiring presence 
detect, it is recommended that this pin be left as a no connect; this allows the use of either type of module 

without adverse effects. 

single - in - line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 

WORD WIDTH 
OUTPUT 

D
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—15 

    

SPEED 

 

TEMPERATURE 
RANGE 

     

V Package 
(78,7 x 11,43 mm) 
(3.1 x 0.45 inches) 

P Package 
188,9 a 16,5 mm) 
(3.5 x 0.65 inches) 

Max Access 
—12 120 ns 
—15 150 ns 
—20 200 ns 

L 0°C to 70°C 
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A0-A8 

CAS 

D1-04 

NC 

01-04 

RAS1, RAM 

VDD 

VSS 
W 

Address Inputs 

Column-Address Strobe 

Data Inputs 

No Connection 

Data Outputs 

Row-Address Strobes 

5-V Supply 

Ground 

Write Enable 

ADVANCE 
INFORMATION 

TM4256HE4 
524,288 BY 4-BIT DYNAMIC RAM MODULE 

SEPTEMBER 1985 — REVISED NC 	•• • 

• 524,288 X 4 Organization 

• Single 5-V Supply (10% Tolerance) 

• 24-Pin Single-in-Line Package (SIP) 

• Utilizes Eight 256K Dynamic RAMs in 
Plastic Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 

ACCESS ACCESS READ READ-
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MINI (MIN) 

TMS4256-12 120 ns 	60 ns 230 ns 270 ns 

TMS4256-15 150 ns 	75 ns 260 ns 305 ns 

TMS4256-20 200 ns 	100 ns 330 ns 370 ns 

• Common CAS Control with Separate 
Data-In and Data-Out Lines 

• Low Power Dissipation: 

OPERATING 
	

STANDBY 
(TVP1 
	

(TYPI 

TM4256HE4-12 
	

2600 mW 
	

100 mW 

TM4256HE4-15 
	

2400 mW 
	

100 mW 
TM4256HE4-20 
	

1800 mW 
	

100 mW 

• Operating Free-Air Temperature . . . 0 °C to 
70 °C 

E SINGLE-IN-LINE PACKAGE t 

(TOP VIEW) 

NC 
A8 

Von 
D1 
Q1 

CAS 
A7 
A5 
A4 
D2 
Q2 
W 
Al 
A3 
A6 
03 
D3 
A2 
AO 

RAS1 
D4 
Q4 

VSS  
RAS2 

11;7Cg1 is the row-address strobe for side 1, and 
RAS2 is the row-address strobe for side 2. Side 
1 is shown in top view. 

PIN NOMENCLATURE 

11) 
(21 
131 

141 
151 
161 
171 
181 
(9) 

1101 
(11) 
(12) 
(13) 
114) 
(151 
(161 
1171 
1181 
1191 
(201 
1211 
1221 

1231 
(24) 

O 

cc 

description 

The TM4256HE4 is a 2048K, dynamic random-

access memory module organized as 524,288 
X 4 bits in a 24-pin single-in-line package (SIP) 

comprising eight TMS4256FML, 262,144 X 1 
bit dynamic RAM's in 18-lead plastic-chip 
carriers mounted on both sides of a substrate 

together with four 0.21LF decoupling capacitors. 

The on-board capacitors eliminate the need for 
bypassing on the motherboard and offer superior performance over equivalent leaded capacitors due to 
reduced lead inductance. Also, with 0.475 inch board spacing, the TM4256HE4 has a density of seven 
devices per square inch (approximately 2.8X the density of DIPs). With the elimination of bypass capacitors 
on the motherboard, reduced PC board size, and fewer plated-through holes, a cost savings can be realized. 

The TM4256HE4 is organized as two banks of 256K X 4 selected by RAS1, RAS2; CAS and W which 
are common to all devices. The D and Q signals are common to pairs of devices on opposing sides of the 
substrate. This configuration requires that only one RAS signal be active during a read or write cycle to 
prevent data bus contention or writing erroneous data. On refresh cycles (CAS high), RAS1 and RAS2 

can be low at the same time. 

ADVANCF INFORM/111CM documents contain 
on new oinili.cm in the sampling or 

prepre.d.mon phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 

Copyright © 1985, Texas Instruments Incorporated 
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TM4256HE4 
524,288 BY 4-BIT DYNAMIC RAM MODULE 

Each TMS4256FML is described in the TMS4256 data sheet and is fully electrically tested and processed 

according to TI's MIL-STD-8838 (as amended for commercial applications) flows prior to assembly. After 

assembly onto the substrate, a further set of electrical tests is performed. 

operation 

The TM4256HE4 operates as eight TMS4256s connected as shown in the functional block diagram. Refer 

to the TMS4256 data sheet for details of its operation. 

specifications 

For TMS4256 electrical specifications, refer to the TMS4256 data sheet. 

single -in-line package and components 

PC substrate: 1,14 mm (0.045 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
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TM4256HE4 
524,288 BY 4•BIT DYNAMIC RAM MODULE 

TI single-in-line package nomenclature 

TM 4256 —15 

(61 x 11,4 mm) 
(2.4 x 0.45 inches) 

Max Access 
—12 120 ns 
—15 150 ns 
—20 200 ns 

L 0°C to 70°C 
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U SINGLE-IN-UNE PACKAGE 
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TM4416KU8 
INFORMATION 
	

16,384 BY 8-BIT DYNAMIC RAM MODULE 

SEPTEMBER 1985 — REVISED NOVEMBER 1985 

• 16,384 X 8 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 

• Utilizes Two 16K X 4 Dynamic RAMs in 
Plastic Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS 	READ 
TIME 	TIME 	OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MINI 

	

TM4416KU8-12 	120 ns 	70 ns 	230 ns 

	

TM4416KU8-15 	150 ns 	80 ns 	260 ns 

• Low Power Dissipation: 

OPERATING 	STANDBY 
(TYP) 	 ITYP) 

	

TM4416KU8-12 	400 mW 	 30 mW 

	

TM4416KU8-15 	350 mW 	 30 mW 

• Operating Free-Air Temperature . . . 0 °C to 
70 °C 

description 

The TM4416KU8 is a 128K, dynamic random-

access memory module organized as 16,384 x 8 
bits in a 30-pin single-in-line package comprising 

two TMS4416FPL, 16,384 x 4 bit dynamic 
RAM's in 18-lead plastic chip carriers mounted 
on top of a substrate together with two 0.2 tif 

decoupling capacitors mounted beneath the chip 

carriers. The onboard capacitors eliminate the 

need for bypassing on the motherboard and offer 

superior performance over equivalent leaded 
capacitors due to reduced lead inductance. 

operation 

address (AO through A7) 

Fourteen address bits are required to decode 1 

of 16,384 storage locations. Eight row-address 
bits are set up on pins AO through A7 and 
latched onto the chip by the row-address strobe 

(RAS). Then the six column-address bits are set 
up on pins A 1 through A6 and latched onto the 

PIN NOMENCLATURE 

A0-A7 	 Address Inputs 

CAS 	 Column -Address Strobe 

DQ1-DQ8 	Data In/Data Out 

NC 	 No Connection 
jam' 	 Row-Address Strobe 

VDD 	 5-V Supply 

VSS 	 Ground 

Write Enable 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 
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TM4416KU8 
16,384 BY 8-BIT DYNAMIC RAM MODULE 

chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 

RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 

decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 

grounded output-enable (G) dictates the use of early write cycles to prevent contention on DQ. When W 

goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 

data in (DQ1-DQ8) 

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 

These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 

this signal. 

data out (DQ1-DQ8) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 
the outputs go active after the access time interval t a (c) that begins with the negative transition of CAS 
as long as ta (R) is satisfied. The outputs become valid after the access time has elapsed and remain valid 
while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the outputs 

are always in the high-impedance state. In the early write cycle, the outputs are always in the high-
impedance state, a necessity due to the grounded output enable. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 

in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 

addresses for the same page is eliminated. To extend beyond the 64 column locations on a single module, 

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper 
module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 

input • remain high for 100 As immediately prior to initialization. Initialization consists of performing 
eight PA cycles before proper device operation is achieved. 

single -in- line package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitor: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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(41  
AO 	 2006 

(51  
Al

A2 	

2007/2100 
(71  

A3 (8) 

A4 

AS  1 ' .  
+ r4 ,  

AS   20D12/21D5 

A7 1: 	 20013 

—2=1> C201ROWI 

	 G23/IREFRESH ROW) 

RAS (27 	 24(PWR OWN) 

C21ICOLI 

	 G24 

I 	 I 
0  

A 
16,383 

8 
— 1211C'--- 

 W 	 23 . •: 

DQ1 (3) 	A,22D 

V 26 

CAS 
(21 

• 	 r.--• 

(61  
DQ2 

DQ3 
(101 4  

DQ4 
(131 4  

DQ5 
(16) 4  

DQ6 
(20)  

DQ7 (23)  

DQ8 (25) 	  

— (271  
—
RAS 

(21  
CAS 

(211  

s , 	11 ( 
vDD 

VDD 

731-10 
 vDD 

(9) 

VSS  (221  
VSS 

VSS 
(241  

RAM 16K a 4 
AO A7 001 

	

RAS 	
DQ2 

	

f ,̀N, 
 CAS 	

DQ3 

004 

VDD VSS 

— (161 

— 006 

- -D137 
1401  008  

A,226 — 

RAM 16K x 8 

> 23C22 

24,EN 

AO 
(4)  

Al 
(51  

A2 
(71  

A3 

A4 1 	  

A5 	  
A6 (14) 

A7 (15) 	  

TO.2 µF I,0.2 AF 

IThis symbol is in acco dance with ANSI/IEEE Std 91 1984 and 
IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 1.  

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 

Voltage range for VDD supply and data out with respect to VSS 	  —1 V to 6 V 

Short circuit output current 	  50 mA 

Power dissipation 	 - 2 W 
Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 

only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to VSS. 

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled "Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies" in Section 12. 
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INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 



TM4416KU8 
16,384 BY 8-BIT DYNAMIC RAM MODULE 

se
in

p
ou

y  
m

u
  3

p
m

eu
A

G
  

5-240 

recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

Viii High-level input voltage 
VDD = 4.5 V 2.4 4.8 

V 
VDD = 5.5 V 2.4 5.8 

VIL Low-level input voltage (see Notes 3 and 4) —0.6 0 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only. 

4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 
occurrence. See Application Report entitled "TMS4164A and TMS4416 Input Diode Protection" on page 9-5. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TM4416KU8-12 TM4416KU8-15 

UNIT  
MIN 	TYP t MAX MIN 	TYP t MAX 

VON High-level output voltage loH = —2 mA 2.4 2.4 V 

VOL Low-level output voltage IOL = 4.2 mA 0.4 0.4 V 

II Input current (leakage) 

V1 = 0 V to 5.8 V, 

VDD = 5  V ,  
All other pins = 0 V 

± 10 ± 10 pA 

10 Output current (leakage) 
V0 = 0.4 V to 5.5 V, 

VDD = 5 V, 	o.C ■S high 
± 10 ± 10 ILA 

IDD1 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
108 96 mA 

IDD2 Standby current 

After 1 memory cycle, 

FTA-g and rA—g high, 

All outputs open 

10 10 mA 

IDD3 Average refresh current 

tc  = minimum cycle, 

TA—g cycling, CAS high, 

All outputs open 

92 80 mA 

IDD4 
Average page-mode 

current 

tc (p) = minimum cycle, 

FIAT low, CAS cycling, 

All outputs open 

92 80 mA 

1.  All typical values are at TA = 25°C and nominal supply voltages. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MAX UNIT 

Ci(A) 	Input capacitance, address inputs 14 pF 

CiIRC) 	Input capacitance, strobe inputs 20 pF 

Ci(w) 	Input capacitance, write-enable input 20 pF 

cu. 	Input/output capacitance, data ports 10 pF 

TEXAS 
INSTRUMENTS 
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TM4416KU8 
16,384 BY 8•BIT DYNAMIC RAM MODULE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4416KU8-12 TM4416KU8-15 
UNIT 

MIN 	MAX MIN 	MAX 

talc) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 70 80 ns 

tallil 	Access time from 
tRLCL = MAX, 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 

tRAC 120 150 ns 

timing requirements over recommended supply voltage range and operating free air temperature range 

ALT. 

SYMBOL 

TM4416KU8-12 TM4416KU8-16 
UNIT 

MIN MAX MIN MAX 

Lpj Page-mode cycle time tpc i: 	' ; 2.— ns 

tclicll Read cycle timet tRC 230 260 ns 

tc(W) Write cycle time tWC 230 260 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 315 365 ns 

twICH) Pulse duration, CAS high (precharge timelt tcp 40 50 ns 

tWICLI Pulse duration, CAS low tcAS 70 10,000 80 10,000 ns 

twIRH) Pulse duration, RAT high (precharge time) tpp 80 100 ns 

tw(RL) Pulse duration, WAS low tRAS 120 10,000 150 10,000 ns 

tw(W) Write pulse duration twp 30 40 ns 

tt  Transition times (rise and fall) for RAS and rit§■ tl- 3 50 3 50 ns 

tsulCAl Column-address setup time tASC 0 0 ns 

tsu(FIA) Row-address setup time tASR 0 0 ns 

tsulD) Data setup time tDS 5 5 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsuIWCH) Write-command setup time before CAS high tCWL 50 60 ns 

tsuIWRH) Write-command setup time before Trc7 high tRyyL 50 60 ns 

th(CLCA) Column-address hold time after CAS low ICAH 35 40 ns 

th(RA) Row-address hold time tRAH 20 30 , 	ns 

thIRLCA) Column-address hold time after RAS low 1AR 85 110 ns 

th(CLD) Data hold time after CAS low tDH 40 60 ns 

th(RLD) Data hold time after WAS low tDHR 90 130 ns 

th(RHrd) Read-command hold time after WAS high tRRH 10 10 ns 

th(CHrd) Read-command hold time after CAS high tRCH 0 0 ns 

th(CLW) Write-command hold time after CAS low tWCH 40 60 ns 

th(RLW) Write-command hold time after RAS low tWCR 90 130 ns 

tRLCH Delay time, RAS low to CAS high tcsH 120 150 ns 

tCHRL Delay time, CAS high to NAg low tCRP 0 0 ns 

tCLRH Delay time, CAS low to WAS high tR91-1 70 80 ns 

tRLCL 
Delay time, RAS low to CAS low 

(maximum value specified only to guarantee access time) 
tRCD 25 50 25 70 ns 

tWLCL Delay time, W low to CAS low (early write cycle) tWCS — 5 — 5 ns 

t r f Refresh time interval tREF 4 4 ms 

t All cycle times assume tt  = 5 ns. 

tPage mode only. 
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early write cycle timing 
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TM4416KU8 
16,384 BY 8-BIT DYNAMIC RAM MODULE 
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16,384 BY 8•BIT DYNAMIC RAM MODULE 

page-mode read cycle timing 
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page-mode write cycle timing 
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DQ1- 
DQ8 
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TM4416KU8 
16,384 BY 8•BIT DYNAMIC RAM MODULE 

RAS-only refresh timing 

tc(rd) 

141—  tw(RL) —01 

RAT 
VIH 

VIL 

VIH 

VIL 

VIN 

VIL 

(88,9 x 16,5 mm) 
(3.5 x 0.65 inches) 

Max Access 
— 12 120 ns 
— 15 150 ns 

L 0°C fo 70°C 
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U SINGLE-IN-LINE PACKAGE 

(TOP VIEW) 

(1) 
(21 

DQ1 131 
AO 141 
Al (51 

DQ2 161 

	

A2 	(7) 
A3 181 

VSS (9) 
DQ3 1101 

A4 (11) 
A5 (12) 

DQ4 1131 
A6 (14) 
A7 (15) 

DQ5 (16) 
NC (17) 

NC (18) 
NC (191 

D06 1201 
W (21) 

DVCS2S7 11 222311 
 VSS (24) 

DQ8 (25) 
NC (26) 

RAS (27) 
NC (281 
NC 129) 

VDD (301 

PIN NOMENCLATURE 

AO-A7 

CAS 

DC11-008 

NC 

VDD 

VSS 

Address Inputs 

Column-Address Strobe 

Data In/Data Out 

No Connection 

Row-Address Strobe 

5-V Supply 

Ground 

Write Enable 
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65,536 BY 8-BIT DYNAMIC RAM MODULE 

OC" • •• 1185 — REVISED NOVEMBER 1985 

• 65,536 X 8 Organization 

• Single 5-V Supply (10% Tolerance) 

• 30-Pin Single-in-Line Package (SIP) 

• Utilizes Two 64K X 4 Dynamic RAMs in 
Plastic Chip Carrier 

• Long Refresh Period . . . 4 ms (256 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS 	READ 
TIME 	TIME 	OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAXI (MAX) (MINI 

	

TM4464LU8 - 12 	120 ns 	60 ns 	230 ns 

	

TM4464LU8-15 	150 ns 	75 ns 	260 ns 

• Low Power Dissipation: 

OPERATING 	STANDBY 

(TYP) 	 (TYP) 

	

TM4464LU8-12 	650 mW 	 25 mW 

	

TM4464LU8-15 	550 mW 	 25 mW 

• Operating Free-Air Temperature . . . 0 °C to 
70 °C 

description 

The TM4464LU8 is a 512K, dynamic random-
access memory module organized as 65,536 x 8 
bits in a 30-pin single-in-line package comprising 

two TMS4464FML, 65,536 x 4 bit dynamic 

RAM's in 22-lead plastic chip carriers mounted 
on top of a substrate together with two 0.2 iLF 

decoupling capacitors mounted beneath the chip 
carriers. The onboard capacitors eliminate the 

need for bypassing on the motherboard and offer 
superior performance over equivalent leaded 

capacitors due to reduced lead inductance. 

operation 

address (AO through A7) 

Fourteen address bits are required to decode 1 

of 65,536 storage locations. Eight row-address 

bits are set up on pins AO through A7 and 
latched onto the chip by the row-address strobe 
(RAS). Then the six column-address bits are set up on pins Al through A6 and latched onto the chip by 
the column-address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and 
CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 

CAS is used as a chip select activating the column decoder and the input and output buffers. 

ADVANCE INFORMATION documents contain 
information on new products In the sampling or 
preproduction phase of development Characteristic TEXAS 11110 
data and other specifications are subject to change 
without notice. 	 INSTRUMENTS 

POST OFFICE SOX 1443 • HOUSTON. TEXAS 77001 
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65,536 BY 8•BIT DYNAMIC RAM MODULE 

5-248 

write enable (WI 

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 

common I/O feature of the TM4464LU8 dictates the use of early write cycles to prevent contention on 

DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 

cycle permitting common I/O operation. 

data in (DQ1-DQ8) 

Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 

this signal. 

data out (DQ1-DQ8) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 

out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 
the outputs go active after the access time interval t a (C) that begins with the negative transition of CAS 

as long as ta (R) is satisfied. The outputs become valid after the access time has elapsed and remains valid 

while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the 

outputs are always in the high-impedance state, a necessity due to the grounded output enable. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output 

buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 

output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 

page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 

successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single module, 

the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper 

module. 

power up 

After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 

input must remain high for 100 /Ls immediately prior to initialization. Initialization consists of performing 

eight RAS cycles before proper device operation is achieved. 

single-in-line package and components 

PC substrate: 0,79 mm 10.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 

TEXAS 
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TM4464LUB 
65,536 BY B-BIT DYNAMIC RAM MODULE 

logic symbol t 	 functional block diagram 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Voltage range for any pin except VDD and data out (see Note 1) 	  —1.5 V to 10 V 

Voltage range for VDD supply and data out with respect to VSS 	  —1 V to 6 V 

Short circuit output current 	  50 mA 

Power dissipation 	 2 W 
Operating free-air temperature range 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to VSS• 

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled "Guidelines for 
Handling Electrostatic-Discharge-Sensitive IESDS) Devices and Assemblies" in Section 12. 

TEXAS 
INSTRUMENTS 
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recommended operating conditions 

MIN NOM MAX UNIT 

VDD Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage 
VDD = 4.5 V 2.4 4.8 

V 
VDD = 5.5 V 2.4 5.8 

Vg_ Low-level input voltage (see Note 31 —1 0 0.8 V 

TA Operating free-air temperature 0 70 °C 

NOTE 3: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TM4464LU8-12 TM4464LU8-15 

UNIT 
MIN TYP I MAX MIN TYP t MAX 

VOH High-level output voltage loH = — 2 mA 2.4 2.4 V 

VOL Low-level output voltage IOL= 4.2 mA 0.4 0.4 V 

ll Input current (leakage) 

Vi = 0 V to 5.8 V, 

VDD = 5  V, 
All other pins = 0 V 

±10 ±10 irA 

10 Output current (leakage) 
V0= 0.4 V to 5.5 V, 

VDD = 5 V, rig high 
± 10 ±10 AA 

IDD1 
Average operating current 

during read or write cycle 

tc  = minimum cycle, 

All outputs open 
130 160 110 140 mA 

1 002 Standby current 

After 1 memory cycle, 

frKg and rAZ high, 

All outputs open 

5 10. 5 10 mA 

1003 Average refresh current 

tc  = minimum cycle, 

RAS cycling, Z—A—g high, 

All outputs open 

100 120 90 110 mA 

IDD4 
Average page-mode 

current 

tc ga) = minimum cycle, 

RAS low, 7,—Ag cycling, 

All outputs open 

90 110 80 100 mA 

tAll typical values are at TA = 25°C and nominal supply voltages. 

capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 

PARAMETER MIN MAX UNIT 

CIA/ Input capacitance, address inputs 14 pF 

Ci(RC) Input capacitance, strobe inputs 20 pF 

Ciiw) Input capacitance, write-enable input 20 pF 

Cup Input/output capacitance, data ports 10 pF 

Co(VDDI Decoupling capacitance 0.4 8F 

4 5-250 	 TEXAS 
INSTRUMENTS 
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TM4464LU8 
65,536 BY 8-BIT DYNAMIC RAM MODULE 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONS 
ALT. 

SYMBOL 

TM4464LU8-12 
— 	— 

MIN 	MA. 

TM4484LU8-15 
— UNIT 

MIN 	MAX 

ta (D) 	Access time from CAS 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tCAC 70 80 ns 

ta(R) 	Access time from WAS 
tRLCL = MAX, 
CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tRAC 120 150 ns 

timing requirements over recommended supply voltage range and operating free-air temperature range 

ALT. 

SYMBOL 

TM4464LU8-12 TM44R4LI IR- 1 c 
— 

MA k 
UNIT 

MIN MAX MIN 

tc (p) Page-mode cycle time tpc 120 1-1,., ns 

tc(rd) Read cycle timet tRC 230 260 ns 

tc oN) Write cycle time tWC 230 260 ns 

tc(rdW) Read-write/read-modify-write cycle time tRWC 315 365 ns 

twICH) Pulse duration, CAS high (precharge timelt tcp 40 50 ns 

tWICLI Pulse duration, CAS low tCAS 70 10,000 80 10,000 ns 

tw(RH) Pulse duration, R-AS high (precharge time) till, 80 100 ns 

twIRL) Pulse duration, SAS low tRAS 120 10,000 150 10,000 ns 

twiWl Write pulse duration twp 30 40 ns 

tt Transition times (rise and fall) for WAS and TAS tT 3 50 3 50 ns 

tsuICA) Column-address setup time tASC 0 0 ns 

tsuIRA) Row-address setup time tASR 0 0 ns 

tsu)Dl Data setup time IDS 5 5 ns 

tsuIrd) Read-command setup time tRCS 0 0 ns 

tsu(WCH) Write-command setup time before Z-Kg high tCWL 50 60 ns 

tsu(WRH) Write-command setup time before RAS high tRWL 50 60 ns 

th(CLCA) Column-address hold time after CAS low tCAH 35 40 ns 

th(RA) Row-address hold time tRAH 20 30 ns 

th)RLCA) Column-address hold • • 	after SP-7Z low tAR 85 110 ns 

th(CLD) Data hold time after 77' ow tDH 40 • 60 ns 

th(RLD) Data hold time after SAS low tDHR 90 130 ns 

th(RHrd) Read-command hold time after WAS high tRRH 10  10 ns 

thICHrall Read-command hold time after SAS high tRCH 0 0 ns 

th(CLW) Write-commend hold time after TAS low tWCH 40 60 ns 

th(RLW) Write-commend hold time after RA3 low tWCR 90 130 ns 

tRLCH Delay time, SAS low to CAS high tCSH 120 150 ns 

tCHRL Delay time, rAS high to WA-4 low tCRP 0 0 ns 

tCLRH Delay time, eAS low to ! ..r.' 'ugh tRSH 70 80 ns 

tRLCL 
Delay time, RAS low to CAS low 

(maximum value specified only to guarantee access time) 
tRCD 30 50 30 70 ns 

twLCL Delay time, W low to SAS low (early write cycle) IWCS - 5 - 5 ns 

t rf Refresh time interval tREF 4 4 ms 

cycle times assume t t  = 5 ns. 

Page mode only. 
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read cycle timing 
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TM4464LU8 
65,536 BY 8-BIT DYNAMIC RAM MODULE 

early write cycle timing 
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page-mode read cycle timing 
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page-mode write cycle timing 
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RAS-only refresh timing 
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TI single-in-line package nomenclature 

Dal-
DC18 

.6711111e/RANANAVATA 

A yAvAvAvAvAvAlkwAvAvAvAveAv 
v. AvAvAvAvAvAvay.v.vAvAvAvAvAvA 

VIH 

VIL 

VIH/VOH 

VIL/VOL 

DON'T CARE. 

DON'T CARE 

AVAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAV 
WAVAVAVAVAVAVAVAVAVAVAVAVAVAVA 

AAAAA A AAAAAIIAAAAAAV 
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA 

(88,9 x 18,5 mm) 
(3.5 x 0.85 Inches) 

Max Access 
—12 120 ns 
—15 150 ns 

0°C to 70°C 
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